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(54) Antibiotic carbapenem derivatives. 

(57) A carbapenem compound of the formula (I) 
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wherein : 

R 1 is 1-hydroxyethyl, 1-fluoroethyi or hydroxymethyi ; 
R 2 is hydrogen or Chalky) ; 
R s is hydrogen or C^aikyl ; 
R 4 is hydroxy or carboxy ; 

and the phenyl ring is optionally further substituted by one or two substitutents selected from halo, 
cyano, C^alkyi, nitro, hydroxy, carboxy, C 1 _ 4 aikoxy, trifluoromethyt, Cj-^aikoxycarbonyi, car- 
bamoyl, C^aikyt carbamoyl, 6\-C^ _ 4 alkyi carbamoyl, amino, C 1 . 4 alkylamino t di-C^alkylamino, sui- 
phonte acid, Ct _4aIkyiS(0)„- (wherein n is 0-2), N-C^alkanesulphonamido, C t - 4 alkan yiamin and 
C 1 ^alkanoyttN-Ci _ 4 alkyi)amin : 

provided that One phenyl ring is substituted by at least one carboxy ; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 
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The present invention relates to carbapenems and in particular to such compounds containing a carboxy 
substituted phenyl group. This invention further relates to processes for their preparation, to intermediates in 
their preparation, to their use as therapeutic agents and to pharmaceutical compositions containing them. The 
compounds of this invention are antibiotics and can be used in the treatment of any disease that is conven- 
tionally treated with antibiotics for example in the treatment of bacteria] infection in mammaJs including humans. 

Carbapenems were first isolated from fermentation media in 1974 and were found to have broad spectrum 
antibacterial activity. Since this discovery substantial investigations have been made into new carbapenem der- 
ivatives and many hundreds of patents and scientific papers have been published. 

The first, and so far the only, carbapenem to be commercially marketed is imipenem (N-formimidoyi thie- 
namycin). This compound has a broad spectrum of antibacterial activity. 

The present invention provides compounds with a broad spectrum of antibacterial activity including both 
Gram positive and negative, aerobic and anaerobic bacteria. They exhibit good stability to beta-lactamases. 
In addition representative compounds of this invention exhibit favourable pharmacokinetics. 

The carbapenem derivatives referred to herein are named in accordance with the generally accepted semi- 
systematic nomenclature: 




Accordingly the present invention provides a compound of the formula (I) 




wherein: 

R 1 is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl; 
R 2 is hydrogen or C^alkyl; 
R 3 is hydrogen or C^alkyl; 
R 4 is hydroxy or carboxy; 

and the phenyl ring is optionally further substituted by one or two substituents selected from halo, cyano, Chal- 
ky!, nitro, hydroxy, carboxy, C^alkoxy, trifiuoromethyl, C^alkoxycarbonyl, carbamoyl, C^alkytcarbamoyl, di- 
Ci^alkyicarbamoyl, amino, C^alkylamino, di-C^alkylamino, sulphonic acid, C^alkylSfO),,- (wherein n is 0- 
2), N-C^alkanesulphonamido, C^alkanoyiamino and C^alkanoyKN-C^alkyiJamino: 
provided that the phenyl ring is substituted by at least one carboxy; or a pharmaceutical^ acceptable salt or 
in vivo hydrolysable ester thereof. 

The term alkyl includes all straight and branched chain structures, for example, C^alkyi includes n-butyl 
and 2-methytpropyl. 

Preferably R 1 is 1-hydroxyethyl. 

R 2 is hydrogen or C^alkyf for example methyl, ethyl, n-propyl, 1-methytethyl and n-butyl. 

Preferably R 2 is hydrog n own thyl and In particular R 2 is methyl. 

R 3 is hydrogen or C^aJkyl for example methyl, ethyl, n-propyl, isopropyt and n-butyl. 

Preferably R 3 is hydrogen r methyl. 

R 4 is hydroxy or carboxy. 

Suitable substitu nts for th phenyl ring include, for example:- 
fbr halo: tluoro, chloro, bromo and iod ; 
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for C^aikyl; 

for C^aJkoxy: 

for C^aikoxycarbonyl: 

for C^alkylcarbamoyl: 

for C^alkylamino: 

for di-C^alkylamino: 

for C^alkylStOJn-: 

for C^alkanoyiamino: 

for N-C^alkane-sulphonamldo: 



methyl, thyt, propyl, 1-mettiyiethyl, butyl and 2-methyl propyl; 
methoxy, ethoxy, pro poxy, 1-methylethoxy, butoxy and 2-methyl pro poxy; 
methoxycarbonyl, ethoxycarbonyl and propoxycarbonyl; 
m thylcarbamoyl, ethylcarbamoyl and propyl carbamoyl; 
methyiamino, ethyiamino and propyiamlno; 
dimethyfamino, diethylamino and methyfethylamino; 
methytthio, methylsulphinyl and methylsulphonyl; 
acetamido and propionamido; 
N-methanesulphonamido and N-ethanesulphonamido; 



for C^alkanoylt^Ct^allcylJamino: N-methylacetamido and N-ethylacetamido. 

The present invention covers all epimeric, diastereoisomerlc and tautomeric forms of the compounds of 
the formula (1) wherein the absolute stereochemistry at the 5-position is as illustrated in formula (1). When a 
bond is represented as a wedge, this indicates that in three dimensions the bond would be coming forward out 
of the paper and when a bond is represented as hatched, this indicates that in three dimensions the bond would 
be going back into the paper. The compounds of the formula (I) have a number of other centres of optical activity, 
namely: within the group R 1 (when R 1 is 1 -hydroxy ethyl or 1-fluccoethyl); at the 6-position; at the 1-position 
(when R 2 is C^alkyl); and at the 2' and 4' positions in the pyrrolidine ring: 




(ID 



Preferred compounds are those in which the beta-lactam protons are in trans configuration with respect 
to one another. When R 1 is 1-hydroxyethyl or 1-fluoroethyl it is preferred that the 8-substituent has the R-con- 
figuration. Thus a preferred class of compounds is that of the formula (III): 




Co oh 



(in) 



and pharmaceutical acceptable salts and in vivo hydrolysable esters thereof, wherein R 2 , R 3 and R 4 are as 
hereinbefore defined. 

When R 2 is C^alkyl for example methyl it is preferred that the compound is in the form of the 1 R config- 
uration. 

Prefened compounds are those in which the pyrrolidine ring has the following absolute stereochemistry at 
the 2'- and 4'-positk>ns: 




A suitable class of compounds f the present inv ntion is that of the formula (IV): 
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and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof; . 

wherein R 3 , R 4 and optional substituents on the phenyl ring are as defined hereinbefore in formula (I). 

In another aspect a suitable class of compounds are the compounds of the formula (IV) wherein R 3 is hy- 
drogen, methyl or ethyl; and R 4 and optional substituents on the phenyl ring are as defined hereinabove in for- 
ts mula (I). 

In yet another aspect a suitable class of compounds is that of the compounds of the formula (IV) wherein 
the phenyl ring is optionally further substituted by one or two substituents selected from methyl, ethyl, hydroxy, 
carboxy, cyano, fluoro, chloro, bromo, trifluoromethyl, methoxycarbonyl , ethoxycarbonyl, carbamoyl, sulphonic 
acid, nitro, methoxy, ethoxy and propoxy, provided that the phenyl ring is substituted by at least one carboxy; 
20 and R 3 and R 4 are as defined hereinbefore in formula (I). 

A suitable class of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen or methyl; 
R 4 is hydroxy or carboxy; 

and the phenyl ring is optionally further substituted by one or two substituents selected from methyl, ethyl, hy- 
25 droxy, carboxy, cyano, chloro, bromo, nitro, methoxy and ethoxy, provided that the phenyl ring is substituted 
by at least one carboxy. 

A suitable class of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen; 
R 4 is hydroxy; 

30 and the phenyl ring is optionally further substituted by one or two substituents selected from methyl, hydroxy, 
chloro and carboxy, provided that the phenyl ring is substituted by at least one carboxy. 

A suitable class of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen; 
R 4 is carboxy; 

35 and the phenyl ring is optionally further substituted by one substituent selected from methyl, hydroxy, chloro 
and carboxy. 

Particular compounds of the present invention are, for example, the following compounds of the formula 

(IV): 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(4-cart)oxy-2-hydroxv^ 
40 methylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(5-carboxy-2-hy 

methylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S,4'S)-2-(2-(2,5-dicart>oxy^ 

bapenem-3-carboxylic acid; 
45 (1R,5S,6S,8R^S,4'S)-2-(2-(2,3-dicartx>xyph 

bapenem-3-carboxylic acid; 

(1R,5S,6S,8R,?S,4'S)-2^2^2-tartx^ 

penem-3-carboxylic acid; 

(1R,5S,6S,8R t 2'S,4'S)-2^2-(2-<atfb^ 
so carbapenem-3-carboxylic acid; 

(1 R,5S,6S,8Ri'S t 4'S)-2-(2-(2K»rt>oxy-4-methylph 

carbapenem-3-carboxylic acid; 

(1 R t 5S,6S,8R^'S,4'S)-2-(2-(2H^Dl>oocy-4-<^loro 

carbapenem-3-carboxylic acid; 
55 (1R,5S,6S,8R£'S,4'S)-2-(2-(2-carboxy-(^hy^ 

methylcarbapen m-3-carboxyiic ackJ; 

(1R,5S t 6S,8R^'S f 4'S)-2-(2-<2-carboxy-6-chlorophenylcarbam yt)pyrrolidin-4-y1thio)-6-(1-hydroxyethyl)-1- 
methylcarbapen m-3-carboxylic acid; . . . 



4 



BP 0 508 682 A1 



(1 R,5S f 6S,8I^S t 4'S)-2^2K2-<»1xi)^^ 

carbapenem-3-carboxytic acid; 

(1R,5S,6S i 8R^S > 4'S>-2^2^2-cart>a^^ 

carbapenem-3-carboxyiic acid; 
5 (1R t 5S,6S,8R£'S ( 4'S)-2^2^2 < 4^icarbG^ 

bapenem-3-cart)oxytic acid; 

(1R t 5S ( 6S,8R£'S,4'S)-2^2^2 f 6^icart>ox^ 

bapenem-3-carboxyfic acid; 

(1R,5S,6S,8R£'S t 4'S)-2K2^2-<arbaxy-6^ 
10 thyl carta penem-3-carboxyiic acid; 

(1R,5S,6S t 8FU'S,4'S)-2^2^2H^rt)Qxy-5-trTfluorom , 

1-methylcarbapenem-3-cart>oxylic acid; 

(1R f 5S3S,8R,2'S I 4'S>-2^2^2-<2urt»^ 

carbapenem-3-carboxyfic acid; 
15 (1R f 5S,6S,8R^S,4'S)-2^2^2-<3^xy^ 

carbapenem-3-cart>oxyiic acid; 

(1 R f 6S,6S 1 8R t 2 r S f 4'S)-2^2^2-<2^xy-5-fluorophenylcarbamoyi)pyrr^ 
thytcarbapenem-3-carboxylic acid; 
(1F^5S,6S f 8R^S,4'S)-2^2^2-hydroxy-a-chloro-6-^ 
20 thyl)-1-methytcarbapenem-3-carboxylic acid; 
(1R5S,6S3R.2'S t 4'S)-2^2^2K2tfbaxy^5<ai^ 
methylcarbapenem-3-carboxyiic acid; 
(1R t 5S,6S,8R t 2'S/rS>-2^2^2-cart>oxy^meta^ 
methylcarbapenem-3-carboxylic acid; 

25 (1R f 5S,6S t 8R t 2'S,4'S)-2^2^2-<»tft>oxy^-nretW 
thyl)-1-methylcarbapenem-3-carboxyiic acid; 
(1 R, 5S,6S,8R^S,4'S)-2^2-(2-«Eut)oxy-4^e^ 
thyt)-1-methyicarbapenem-3-carboxylic acid; 

(1 R t 5S I 6S,8R,2'S,4'S)-2^2^2Hartx)xy^hydroxyphenylcarbamoyl)pyrrolW 
30 thyicarbapenem-3-carboxyiic acid; 

(1 R f 5S l 6S ( 8R f 2'S,4'S}-2^2^2-«stfbox^ 
1 -methylcarbapenem-3-carboxylic acid; 

(lR5S,6S,8R,2'S > 4'S)-2^2^2-^^xy-3-hydroxyphenylcarbamoyl)pyiT^ 
thylcarbapenem-3-carboxyiic acid; 
35 (1R f 5S,6S,8R,2'S,4'S)-2^2^2^rboxy-3H^ethoxyphenylcarbanK>yi)py^ 
thyicarbapenem-3-carboxytic acid; 

(1F^5S,6S,8R < 2'S f 4 , S>-2^2^2-hydroxy-4-<xirbcocy-5-chloroph 
thyl}-1-methyicarbapenenv3-carboxyiic acid; 

(1 R f 5S ) 6S,8R^'S,4'S)-2-(2^2-carboxy-5-nitrophenyt(»rbanx)yl)pyrrolidi 
40 thytcarbapenem-3-carboxylic acid; 

(1R,5S,6S3R,2'S t 4 , S)-2^2^2^rboxy-5HniiethoxypherTylcait>^ 
thyicarbapenem-3-carboxyiic acid; 

(1R,5S,6S.8f^S,4 r S)-2K2K2-^arboxy^4^ethoxyphenylca^ 

thyicarbapenem-3-carboxylic acid; 
45 (1R,5S l 6S f 8R^'S,4'S)-2-(2^2-carboxy^nitrophenyi(arbamoyi)pyrrolid 

thytcarbapenem-3-cart>oxyiic acid; 

(1R,5S,6S£R^S f 4'S)-2^2^2-<»rtx>xy-^^ 

yethyi)-1-methyicarbapenem-3-carboxylic acid; 

(1R,5S,6S ( 8R^S f 4'S)-2^2^2-«s^xy^sulphophen^ 
so thylcarbapenenri-3-carbQxylic acid; 

(1R,5S,6S,8R,2'S,4'S)-2^2^3K2irtx^2-hy^ 

thy1)-1-methyicarbapenem-3-cart>oxy1ic acid; 

(1 R,5S,6S,8R^S,4'S)-2^2^3Kart>oxy-2-hyd )^1-hydro«yethyl>-1 -me- 

thyl carbapenem-3-carboxylic acid; 
55 (1R # 5S,6S,8R^S,4'S)-2^2-(4-caitx>xy-24ty^^ 
thyl)-1-methytcarbapenenv3-carboxylic acid; 

(1 R,5S,6S3R^S f 4'S)-2^2^2-<2tft>oxy-3-methoxycaj* yt)pyiTOlidir^y1thk)>-6-(1-hydrQxye- 
thy1)-1-methylcarbapenem-3-carboxytic acid; 
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(1 R,5S,6S ( 8R^S,4'S^2-(2-<2-cart>oxy-3-ni^ )-6-(1-hydraxyethyl>-1-fnethy|. 

carbapenem-3-carboxylic acid; 

(1R f 5S ( 6S,8R f 2'S l 4'S)-2^2^2-<2tftx3XV^ 

methyicarbapenem-3-carboxylic acid; 

(1R,5S,6S,8^S,4'S)-2^2^2-«»rtx3xy-3^ 

methylcart>apenem-3-carboxytic acid; 

(1 R f 5S t 6S l 8R t 2'S,4'S)-2-{2^2-cart»xy-4-cyaro io)-6-(1 - hydroxy eth yl >- 1 -me- 

thylcarbapenem-3-carboxylic acid; 

(1R t 5S,6S,8R^S l 4'S>-2^2^2-^»rt»xy-5-cyanophenytcarbamoyl)py^ 
thylcarbapenem-S-carboxylic acid; 
(1R,5S,6S f 8R^S,4'S)-2-<2-(2-cart>oxy-5-hv^ 
thylcarbapenem-3-carboxylic acid; 

(1 R,5S ( 6S,8R^S,4'S)-2^2K2-<aut»xy^^ -hydrax- 
yethyi)-1-methylcarbapenem-3-carboxylic acid; and 
(1R t 5S t 6S,8R t 2'S,4'S)-2-(2-(2 f 5-dicart>G^^ 
methylcarbape nem-3-carboxylic acid; 

and pharmaceuticaily acceptable salts and in vivo hydroiysable esters thereof. 

Preferred compounds of the present invention are, for example, the following compounds of the formula 

(IV): 

(1R f 5S,6S,8R f 2'S,4 , S)-2^2-(4-carboxy-2-hyd 
thylcarbapenem-3-carboxylic acid; 
(1 R,5S,6S,8R,2'S f 4'S}-2^2^5-cartoxy-2- 
thylcarbapenem-3-carboxyiic acid; 

(1R f 5S,6S,8R^'S,4'S)-2^2^2,5^icart>oxyphenylcarbamoyl)pyr^ 
bapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S > 4'S)-2-(2-(2 ( 3^icart»xyphenylcarbanrw 
bapenem-3-carboxylic acid; 

(1 R,5S.6S f 8R.2 , S t 4'S)-2-(2-(2-carboxy phenyicarbamoyl)pyrrolidin-4-ylthio)-6-(1 -hydroxyethyl)-1 -methylcarba- 
penem-3-carboxyiic acid; 
(1R f 5S ( 6S,8R t 2'S t 4'S)-2-(2-(2-car1xj^ 
thylcarbapenem-3-carboxylic acid; 

(1 R.SS.SS.S^'S^'S^^^-^^tfboxy-^methyl phenylcarbamoyl)pyrrolidin^ylthio)-6-(1-hydroxyethyi>-1-me- 

thytcarbapenem-3-carboxyiic acid; 

(1R t 5S.6S,8R^S t 4'S)-2^2-(2-carboxy-4-chto^^ 

thylcarbapenem-3-carboxylic acid; 

(1R f 5S,6S f 8R^S,4'S)-2K2-<2-caiboxy-6-hydro^ 

thyicarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R^'S t 4'S)-2-(2^2-carboxy-6^oroph 

thytcart>apenem-3-carboxylic acid; 

(1R,5S t 6S,8R^'S,4'S)-2-(2^2-cart»xy-5^ 

thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S ( 8R£'S,4'S)-2-(2^2K2tfboxy-6-m^^ 

thylcarbapenem-3-carboxylic acid; 
(1R t 5S # 6S,8R^'S,4'S)-2^2-<2A<ifcartx^ 
bapenenv3-carboxyiic acid; 

(1R.5S.6S,8R^S.4'S)-2^2^2,6Klicartx3xyphenylcaiban» 
bapenem-3-carboxyfic acid; 
(1R,5S,6S,8R^S,4'S)-2-<2-<2-OTi1ra 
thylcarbapenem-3-carboxylic acid; 

(1 R,5S t 6S,8R^'S,4'S)-2-(2^2-carboxy-5-trifluoro -hydroxy e- 

thyl)-1-methylcarbapenem-3-carboxylic add; 
(1R f 5S > 6S3R£'S,4'S)-2^2^2-<»rt>axy-^^ 
thytcarbapenem-3-carboxylic acid; 

(1R,5S t 6S t 8R^S ( 4'S>-2-(2-(2-carbQxy-4-flu roph nylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydn^ethyl>-1-me- 
thylcarbapenem-3-carboxylic add; - - - 

(1 R,5S,6S,8R£'S,4'S)-2-(2-(2-cart>GKy^ yt)pyrrdidin^ytthio)^1-hydrQxyethy1)-1-me- 
thyicarbapenem-3-carboxyiic add; 

(1 R t 5S,6S,8R,2'S f 4'S)-2-(2-{2-hydroxy-3-<^loro-6-cart>oxypheny^ -hydroxy e- 
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thyl)- 1 -methylcarba penero-3-carboxyl ic acid; 

(1R.5S,6S,8R^S,4'S)-2-(2K2-cart>c^5^ 

methylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S,4'S)-2-(2^2-carboxy-5-nitrophenylcart)a 
5 thyicarbapenem-3-cartx)xylic acid; 

(1 R, 5S,6S,8R^S,4'S)-2^2K2-K2^xy-4-*^ 

thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R£'S,4'S)-2-(2-(2-carboxy-4-nitrophenylca^ 

thylcarbapenem-3-cart>oxyJic acid; 
10 (1R,5S t 6S,8R,2'S,4'S)-2-(2-(2-caifcoxy^sulpho 

thy1cajt>apenenrv3-carboxylic acid; 

(1 R,5S,6S,8R,2'S,4'S)-2^2-(3^rt>cxy-2-hyo^ 

thy1)-1-inethyicarbapenern-3-cart)Oxylic acid; 

(1R t 5S,6S,8R,2'S,4'S)-2-(2-(2-<2ut)Oxy-4,5-dta^ 
15 1-methyicarbapenem-3-carfooxylic acid; 

(1R,5S,6S t 8R,2'S ( 4'S>-2^2-(2-cart)cxy-5-methox^ 

thyicarbapenerTv3*cartx)xyjlc acid; 

(1 R,5S ( 6S,8R t 2'S,4'S)-2-(2-(2-rart>axy^hy<^ -hydroxyethyl)-1-rne- 
thylcarbapenem-3-carboxylic acid; 
20 (1R,5S,6S,8R^S,4'S)-2-(2-(3-<srt>oxy-2-hydroxy^ 
thylcarbapenem-3-carboxyllc acid; and 

(1R,5S f 6S I 8R,2'S,4'S)-2^2^4-cartx)xy-2-hydroxyphenyl-NHTiethyicarbam 
yelhyl)-1-methyicarbapenem-3-carboxylic acid; 

and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof. 
25 Especially preferred compounds of the present invention are, for example, the following compounds of the 

formula (IV): 

(1 R,5S,6S,8R,2'S,4'S)-2-(2K4-carboxy-2-hydroxyphenytca^ -hydroxyethyl)-1 -me- 

thylcarbapenem-3-carboxyiic acid; 

(1R,5S,6S ( 8R,2'S,4'S)-2-(2-(5-cartx>xy-2-hydroxyphenylca^ 
30 thyicarbapenem-3-carboxylic acid; 

(1R,5S t 6S f 8R t 2'S,4'S)-2-(2^2 t 5^icarboxyphenylcajt)ajTO 
bapenem-3-carboxylic acid; 

(1R,5S f 6S,8R,2'S t 4'S)-2^2-(2,3^icartxJxyphenylcarbamoyl)pyiTolidin^v^ 
bapenem-3-carboxyIic acid; 
35 (1R,5S,6S,8R,2'S,4'S)-2-(2-(2-caiboxypheny1cai1}a^ 
penem-3-carboxylic acid; 

(1R,5S,6S,8R,2 , S,4 / S>-2^2-(2Kart)oxy-3-methy1pheny1cart>amoyl)pyrrolidin^ 
thylcarbapenem-3-carboxytic acid; 
(1 R,5S ( 6S,8R^'S t 4'S}-2^2-<2-cart)cxy-4-meth^ 
40 thylcarbapenem-3-cartx>xytic acid; 

(1 R,5S,6S t 8R 1 2 , S,4'S)-2^2-(6-<»rtx>xy-2-h 
thylcarbapenem-3-carfooxylic acid; 

(1R t 5S f 6S,8R^'S,4'S>-2^2^5-carboxy-2-hydroxy-3-chlorophenyica^ 

thyi)-1-methytcart>apenem-3-cart>oxy1ic acid; 
45 (1R t 5S,6S,8R,2'S t 4 r S)-2^2^2 f 4Klicart>ox 

bapenem-3-carboxylic ackJ; 

(1R,5S,6S,8R^S,4'S)-2H2K2,64ksu1)oxyphenv^ 

bapenem-3-carboxylic acid; and 

(1R,5S,6S,8R£'S,4'S)-2-(2-(2-cart>oxy-^ 
so thylcarbapenem-3-carboxyiic acid; 

and pharmaceuticaJly acceptable salts and in vivo hydrolysable esters thereof. 

Suitable pharmaceutically acceptable salts include acid addition salts such as hydrochloride, hydrobro- 

mide, citrate, maJeate and salts formed with phosphoric and sulphuric acid. In another aspect suitabl salts are 

base salts such as an alkali metal salt for example sodium or potassium, an alkaline earth metaJ salt for example 
55 calcium or magnesium, an organic amine salt for exampl trie thy! amine, morpholine, M-methylpiperidin , N- 

ethylpiperidine, procaine, dibenzytamin , N,N-dib nzylethylamine or aminoackls, for example, lysine. 

For the avoidance f doubt there may be n , two r thre salt-forming cations dependent on th numb r 

of carboxylic acid functions and valency of said cations. 
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Preferred pharmaceutically acceptable salts are sodium and potassium salts. However, to fact! Hate isola- 
tion f the salt during preparation, salts which are less soluble in th chosen solvent may be preferred, whether 
pharmaceutical^ acceptable or not 

In vivo hydroiysable esters are thos pharmaceutically acceptabl esters that hydro! yse in the human body 
to produce the parent hydroxy or carboxy compound. Such esters can be identified by administering, eg. in- 
travenously to a test animal, the compound under test and subsequently examining the test animal's body fluids. 
Suitable in vivo hydroiysable esters for hydroxy include acetoxy, propionyloxy, pivaloytoxy, C^af koxycarbo- 
nyloxy for example ethoxycarbonyloxy, phenytacetoxy and phthaJidyi. Suitable In vivo hydroiysable esters for 
carboxy include ^.©alkoxymethyl esters for example methoxymethyl; C t ^alkanoyioxymethyl esters for exam- 
ple pfvaloyloxymethyl; C« cydoalkoxycarbonyloxyC 1 . 6 aJky1, for example 1-cy do hexyioxycarbonyloxy ethyl; 
1,3-dioxolen-2-onylmethyl esters for example 5-methyt-1,3-dioxolen-2-ony1methyl; phthaiidyi esters and 
C^alkoxycarbonyloxyethyl esters for example 1-ethoxycarbonyloxyethyl and may be formed at any carboxy 
group in the compounds of this Invention. 

In order to use a compound of the formula (I) or a pharmaceutically acceptable salt or in vivo hydroiysable 
ester thereof for the therapeutic treatment of mammals including humans, in particular in treating infection, it 
is normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition. 

Therefore in another aspect the present invention provides a pharmaceutical composition which comprises 
a compound of the formula (I) or a pharmaceutically acceptable salt or in vivo hydroiysable ester thereof and 
a pharmaceutically acceptable carrier. 

The pharmaceutical compositions of this invention may be administered in standard manner for the disease 
condition that it is desired to treat for example by oral, rectal or parenteral administration. For these purposes 
the compounds of this invention may be formulated by means known in the art into the form of, for exampl , 
tablets, capsules, aqueous or oily solutions or suspensions, emulsions, dispersible powders, suppositories and 
sterile injectable aqueous or oily solutions or suspensions. 

In addition to the compounds of the present invention the pharmaceutical composition of this invention may 
also contain, or be co-administered with, one or more known drugs selected from other clinically useful anti- 
bacterial agents (for example other beta-lactams or aminoglycosides), inhibitors of beta-lactamase (for exam- 
ple davulanic acid), renal tubular blocking agents (e.g. probenecid) and inhibitors of metabolising enzymes (for 
example inhibitors of dehydropeptidases, for example Z-2-acylamino-3-substituted propenoates such as cilas- 
tatin) and N-acylated amino acids such as betamipron (also see EP-A- 178911). 

A suitable pharmaceutical composition of this invention is one suitable for oral administration in unit dosag 
form, for example a tablet or capsule which contains between 1 0Omg and 1g of the compound of this invention. 

A preferred pharmaceutical composition of the invention is one suitable for intravenous, subcutaneous or 
intramuscular injection, for example a sterile injectable composition containing between 1 and 50% w/w of the 
compound of this invention. 

Specific examples of compositions, which are constituted as a 1% solution in water, freeze dried and may 
be made up by adding 0.9% aqueous sodium chloride solution to give the required concentration, preferably 
1mg-10mg/ml, are as follows: 

Composition 1 

Compound of Example 7 50 mg 
Composition 2 

Compound of Example 7 50 mg 
Glycine 31 mg 

Further specific examples of compositions are as above, but where the compound of example 7 is replaced 
by any of the following compounds of the formula (I): 
(1 R,5S,6S,8R£'S,4'S)-2-(2-<4-carb^ 
thylcarbapenem-3-carboxylic acid; 
(1 R,5S,6S,8f^S,4'S)-2-(2-<5-cart>^ 
thylcarbapenem-3-carboxylic acid; 
(1 R 9 5S,6S,8fU'S,4'S)-2-(2-<2 f 5Kli^^ 
bapenem-3-carboxylic acid; 

(1 r^5S,6S,8r^S,4'S)-2-(2-(2,3-dk2^ thylcar- 
bapenem-3-carboxyiIc acid; 
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(1f^5S f 6S,8R^S t 4'S)-2^2^2-Gartxwyphenylcarbam yOpyrrolidin-4-ylthi )-6-<1-hydroxyethyl)-1-methylcarba- 

penem-3-carboxylic acid; 

(1 R.SS.eS.SR^S^'SJ^-^-^-carboxy-S^ 

thylcarbapenem-3-carboxyiic acid; 

(1 R,5S,6S,8R^S,4'S)-2-(2-{6-carboxy-2-hydroxyphenv^ -hydraxyethyl)-1 -me- 

thytcarbapenem-3-carboxyllc acid; 

(1 R,5S,6S t 8R^S,4 , S)-2-(2-<5-<2^xy^ 

thyl)-1-methylcarbapenem-3-carboxylic acid; 

(1 R # 5S,6S,8R^'S,4'S)-2-(2-<2,4-dicarba^ 

bapenem-3-carboxylic acid; 

(IR.SS^.SR^'S^'S^-^-teS-dicartoox^ 

bapenem-3-cart>oxyiic acid; and 

(1 ^5S f 6S,8R^S,4'S)-2-<2-<2-carto^ 

thylcarbapenem-3-carboxylic acid; 

and pharmaceutically acceptable salts thereof. 

The pharmaceutical compositions of the invention will normally be administered to man in order to combat 
infections caused by bacteria, in the same general manner as that employed for imipenem due allowance being 
made in terms of dose levels for the pharmacokinetics of the compound of the present invention relative to the 
clinical use of imipenem. Thus each patient wQI receive a daily intravenous, subcutaneous or intramuscular 
dose of 0.05 to 5g» and preferably 0.1 to 2.5g, of the compound of this invention, the composition being admin- 
istered 1 to 4 times per day, preferably 1 or 2 times a day. The intravenous, subcutaneous and intramuscular 
dose may be given by means of a bolus injection. Alternatively the intravenous dose may be given by continuous 
infusion over a period of time. Alternatively each patient will receive a daily oral dose which is approximately 
equivalent to the daily parenteral dose. Thus a suitable daily oral dose is 0.05 to 5g. of the compound of this 
invention, the composition being administered 1 to 4 times per day. 

In a further aspect the present invention provides a process for preparing the compounds of the formula 
(I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof which process comprises depro- 
tecting a compound of the formula (V) wherein the phenyl ring is optionally further substituted as in formula (I): 



wherein R 2 is as hereinbefore defined; R 10 is a group R 3 or an amino protecting group; R 13 is a group R 1 , pro- 
tected hydroxymethyl or 1 -(protected hydroxy)ethyl; R 1t is hydrogen or a carboxy protecting group; R 12 is hy- 
drogen or an amino protecting group, R 18 is carboxy, hydroxy, a protected carboxy group or a protected hydroxy 
group and wherein any optional substituent on the phenyl ring is optionally protected; and wherein at least one 
protecting group is present; and thereinafter If necessary; 

(i) forming a pharmaceutically acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

Protecting groups may in general be chosen from any of the groups described in the literature or known 
to the skilled chemist as appropriate for the protection of the group in question, and may be introduced by con- 
ventional methods. 

Protecting groups may be removed by any convenient method as described in the literature or known to 
the skilled chemist as appropriate for the removal of the protecting group in question, such methods being chos- 
en so as to effect removal of the protecting group with minimum disturbance of groups elsewhere in the mol- 
ecule. 

The compounds of the formula (V) are n vel and form another aspect of the invention. 

Specific examples of protecting groups are given below for th sake of convenience, in which "lower" sig- 
nifies that the group to which it is applied preferably has 1-4 carbon atoms. It will be understood that these ex- 
amp! saren texhaustiv . Where specific examples of methods for the removal of protecting groups are given 
below these are similarly not exhaustive. The us of protecting groups and methods of deprotection n t spe- 
cifically m ntioned is of course within the scope of the invention. 




(V) 
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A carboxy protecting group may be the residu f an ester-forming aliphatic or araliphatic alcohol or of an 
ester-forming silanol (the said alcohol or silanol preferably containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight r branched chain (1-12C)aIky1 groups (eg isopro- 
pyi, t-butyl); lower aikoxy lower alkyt groups (eg methoxymethyi, ethoxymethyl, is butoxymethyl); lower aliphat- 
ic acyloxy lower alkyl groups, (eg acetoxymethyl, propionyloxymethyt, butyryloxymethyl, pivaloytoxymethyl); 
lower aikoxy carbonyioxy lower alkyl groups (eg 1 -methoxycarbonyloxyethyl, 1-ethoxycarbonyloxyethyl); aryl 
lower alkyl groups (eg p-methoxybe nzyl , o-nitrobenzyl, g-nitrobenzyl, benzhydryi and phthalidyl); tri(lower al- 
kyl)silyl groups (eg trimethylsilyi and t-butytdimethylsilyl); tri(lower aJkyi)sily1 lower alkyl groups (eg trimethylsi- 
lyfethyl); diaryi (lower alkyl)stlyl groups (eg. t-butyi(diphenyi)silyl); and (2-6C)aikenyl groups (eg aJIyi and viny- 
lethyi). 

Methods particularly appropriate for the removal of carboxyl protecting groups include for example acid-, 
base-, metal- or enzymically-catalysed hydrolysis, for groups such as g-nitrobenzyfoxycarbonyl, hydrogenati n 
and for groups such as o-nitrobenzyloxycarbonyl, photolytically. 

Examples of hydroxy! protecting groups include lower alkenyi groups (eg allyl); lower alkanoyl groups (eg 
acetyl); lower alkoxycarbonyl groups (eg t-butoxycarbonyi); lower alkenyloxycarbonyi groups (eg allyloxycar- 
bonyl); aryl lower alkoxycarbonyl groups (eg benzoyioxycarbonyl, 2-niethoxybenzyloxycarbonyi^o-nrtrobenzy- 
loxycarbonyl, g-nitrobenzyfoxycarbonyl); tri lower alkylsilyl (eg trimethylsilyi, t-butytdimethylsQyl) and aryl lower 
alkyl (eg benzyl) groups. 

Examples of amino protecting groups include formyf, aralkyt groups (eg benzyl and substituted benzyl, eg 
2-methoxybenzyl, nitrobenzyl and 2,4-dimethoxybenzyl, and triphenytmethyl); di-£-anisy1methy1 and furyime- 
thyl groups; lower alkoxycarbonyl (eg t-butoxycarbonyi); lower alkenyloxycarbonyi (eg allyloxycarbonyl); aryl 
lower alkoxycarbonyl groups (eg benzyloxycarbonyl, g-methoxybenzyloxycarbonyt, o-nitrobenzyloxycarbonyl, 
2-nitrobenzyloxycarbonyl); triaJkylsQyl (eg trimethylsilyi and t-butyldimethylsilyi); alkylidene (eg methylidene); 
benzylidene and substituted benzyiidene groups. 

Methods appropriate for removal of hydroxy and amino protecting groups include, for example, acid-, base-, 
metal- or enzymically-catalysed hydrolysis, for groups such as g-nitrobenzyfoxycarbonyl, hydrogenation and 
for groups such as o-nitrobenzyloxycarbonyl, photolytically. 

A preferred protecting group for carboxy and hydroxy groups in compounds of the formula (I) is the group 
allyl. A preferred method for removal of the allyl group is by palladium catalysis using tetrakis(triphenylphos- 
phine)palladium and Meld aim's acid, in a dipolar aprotic solvent tetrahydrofuran mixture, such as dimethyl- 
sulphoxide/ tetrahydrofuran, dimethylformide/tetrahydrofuran or 1,3-dimethyltetrahydropyrimidine/tetrahydro- 
fviran, or an alcohol/tetrahydrofuran mixture such as isopropanol/tetrahydrofuran or ethanol/tetrahydrofuran, 
preferably at ambient temperature. Alternatively, methylaniline may be used in place of Meldrum's acid, in di- 
chloromethane. These conditions allow isolation of the product by precipitation of the sodium salt on the addition 
of a sodium salt such as sodium 2-ethylhexanoate. 

In the following formulae (VII), (VIII), (IX), (XI), (XII) and (XIV) the phenyl ring is optionally further substituted 
as hereinbefore defined in formula (I). 

In another aspect of the present invention the compounds of the formulae (I) and (V) may be prepared by 

a) reacting compounds of the formulae (VI) and (VII): 




wherein R 2 , R 10 , R" v R 12 , R 13 and R 18 are as hereinbefore defined and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 
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(VIII) 



Coo£« 



wherein R 2 , R 10 f R 11 , R 12 ( R 13 and R 18 are as hereinbefore defined and R 14 , R 16 and R 16 are independently se- 
ts lected from C^lkoxy, aiyioxy, di-C^alkylamino and diarytamino or any two of R 14 -R 16 represent o-phenyie- 
nedloxy; and wherein any functional group is optionally protected and thereinafter if necessary; 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt; 

(iii) esterifying to form an in vivo hydrolysable ester. 

20 Suitably in the compound of the formula (VI), L is the reactive ester of a hydroxy group such as a sulphonate 

(for example C^Ikanesulphonyloxy, trifluoromethanesulphonyloxy, benzenesulphonyloxy, toluenesulphony- 
loxy), a phosphoric ester (for example a diarytphosphoric ester such as diphenyiphosphoric ester) or L is a ha- 
lide (for example chloride). In an alternative L is a sulphoxide for example -SOCH=CH-NHCOCH 3 which may 
be readily displaced. Preferably L is diphenyiphosphoric ester (-OP(0)(OPh)2). 

25 Compounds of the formula (VI) and their preparation are well known in the carbapenem literature, for ex- 

ample see EP-A-126587, EP-A-160391, EP-A-243686 and EP-A-343499. 

The reaction between the compounds of the formulae (VI) and (VII) is typically performed in the presence 
of a base such as an organic amine for example dHsopropylethylamine or an inorganic base for example an 
alkali metal carbonate such as potassium carbonate. The reaction is conveniently performed at a temperature 

30 between -25°C and ambient, suitably at about -20°C. The reaction is generally performed in an organic solvent 
such as acetonitrile or dimethylformamide. The reaction is generally performed in a manner similar to that de- 
scribed in the literature for similar reactions. 

The compounds of the formula (VII) are novel and form another aspect of the present invention. 

The compounds of the formula (VII) may be prepared by the deprotection of a compound of the formula 

35 (IX): 



40 



45 




(IX) 



wherein R 10 , R 12 and R 18 are as hereinbefore defined and R 17 is a protecting group, for example C^alkanoyl 
or C^alkoxycarbonyi. Preferred values for R 17 are acetyl and t-butoxycarbonyl. The compounds of the formula 
(IX) can be converted to the compounds of the formula (VII) by standard methods of deprotection, for example 
acetyl groups can be removed by basic hydrolysis in aqueous alkanol, alkenol for example ally! alcohol or tet- 
rahydrofuran. 

The compounds of the formula (IX) are novel and form another aspect of the present invention. 
The compounds of the formula (IX) may be prepared by the reaction of an activated derivative of a com- 
pound of the formula (X), which may be formed in situ, with a compound of the formula (XI): . 
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(XI) 



wherein R 10 , R 12 , R 17 and R 18 are as hereinbefore defined. Activated derivatives of the compound of the formula 
10 (X) include and haJRJes, anhydrides and 'activated' esters such as 1H-benzoi[1,2.3] triazol-1-yl, pentafluoro- 
phenyl and 2,4,5-trichloropheny) esters or the benzimidazol-2-yl ester of the thiocarboxylic acid corresponding 
to (X). The reaction of the compounds of the formulae (X) and (XI) is performed under standard methods, for 
example in the presence of VQsmeier reagent (thus forming the reactive derivative of (X) in situ) at temperatures 
in the region -30 to +25°C, preferably in the region -20 to +5°C, or in the presence of sulphonyl chloride at am- 
is bient temperature. 

The compounds of the formulae (X) and (XI) are prepared by standard methods known to the skilled chemist 
such as the methods of the Examples hereinafter, the methods described in EP-A- 126587 or by methods ana- 
logous or similar thereto. 

Suitably, in the compounds of the formula (VIII), R 14 , R 1S and R ie are independently selected from al- 
20 koxy such as methoxy, ethoxy, isopropoxy, n-propoxy or rvbutoxy; aryloxy such as optionally phenaxy, di-C^alky- 
lamino such as dimethylamino or diethyiamino; diarylamino such as diphenyiamino or any two of R 14 -R 16 rep- 
resent o-phenylenedioxy. Preferably each of R 14 -R 16 have the same value and are C^alkoxy for example me- 
thoxy, ethoxy, isopropoxy or n-butoxy or are phenoxy. 

The compounds of the formula (VIII) are cydized under conventional conditions known in the art to form 
25 compounds of the formula (V). Typical conditions are heating in a substantially inert organic solvent such as 
toluene, xylene or ethyl acetate at temperatures in the region 60-1 50°C. Typically the reaction is performed in 
an atmosphere of nitrogen and is carried out in the presence of a radical scavenger for example hydroquinon . 

The compounds of the formula (VIII) may be formed and cydized in situ . The compounds of the formula 
(VIII) may conveniently be prepared by reacting compounds of the formulae (XII) and (XIII): 

30 



(XII) 



(XIII) 

wherein R 2 , R 10 , R 11 -R 18 , and R 18 are as hereinbefore defined. Suitably the compound of the formula (XIII) is 
45 a phosphite or is the functional equivalent of such a compound. 

The reaction between the compounds of the formulae (XII) and (XIII) is conveniently performed in an or- 
ganic solvent such as toluene, xylene, ethyl acetate, chloroform, dichloromethane, acetonitrile or dimethylfor- 
mamide. Typically the reaction is carried out at an elevated temperature for example 60-1 50°C. 

The compounds of the formula (XII) may be prepared by a number of methods known in the art For example 
50 the compounds of the formula (XII) may be prepared by the acylation of a compound of the formula (XIV): 
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(XIV) 



wherein R 2 f R 10 , R t2 t R 13 and R 18 are as hereinbefore defined with a compound of the formula (XV): 

CI-CO-COOR" (XV) 

wherein R 11 is as hereinbefore defined. 
15 The compounds of the formula (XIV) may be prepared by reacting compounds of the formulae (XVI) and 

(VII): 



20 




(XVI) 



wherein R 2 and R 13 are as hereinbefore defined. The compounds of the formula (XVI) are known in the art and 
may be reacted with the compounds of the formula (VII) under conventional acylation methods known in th 
art 

Compounds of the formulae (VII), (XII) and (XIV) are novel and, as such, form another aspect of this in- 
vention. 

The following biological test methods, data and Examples serve to illustrate the present invention. 
Antibacterial Activity 

35 The pharmaceutical^ acceptable carbapenem compounds of the present invention are useful antibacterial 

agents having a broad spectrum of activity in vitro against standard laboratory microorganisms, both Gram- 
negative and Gram-positive, which are used to screen for activity against pathogenic bacteria. The antibacterial 
spectrum and potency of a particular compound may be determined in a standard test system. In particular the 
carbapenems of the present invention show good stability to beta-lactamases and in general particularly good 

40 pharmacokinetics, especially as regards half life. In general compounds show significant improvement over imi- 
penem. 

The antibacterial properties of the compounds of the invention may also be demonstrated in vivo in con- 
ventional tests. 

Carbapenem compounds have generally been found to be relatively non-toxic to warm-blooded animals, 
4$ and this generalisation holds true for the compounds of the present invention. Compounds representative of 
the present invention were administered to mice at doses In excess of those required to afford protection against 
bacterial infections, and no overt toxic symptoms or side effects attributable to the administered compounds 
were noted. 

The following results were obtained for representative compounds on a standard in vitro test system using 
so Diagnostic Sensitivity Test The antibacterial activity is described in terms of the minimum inhibitory concen- 
tration (MIC) determined by the agar-dilution technique with an inoculum size of 10* CFU/spot 
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ORGANISM 



10 



15 



20 



25 



30 



35 



40 



45 



S. aureus 
Oxford 

E. coli 
DCO 

P. morgan! i 
I + 001 

D Morgan! i 
DR 062 

Enterobacter 
cloacae P99- 

Enterobacter 
cloacae P99+ 

B. fragilis 
AMP-S 

B. fragilis 
AMP-R 



MIC (Ug/nl) 
EXAMPLES 



ceftriaxone 1 2 4 5 13 31 



2.00 



0.03 



0.01 



1.00 



0.06 



32.00 



2.00 



>128.0 



0.13 0.13 0.25 0.06 0.25 0.13 



0.01 0.03 0.02 0.03 0.02 0.02 



0.02 0.06 0.03 0.03 0.01 0.03 



0.02 0.06 0.03 0.03 0.02 0.06 



0.01 0.01 0.01 0.06 0.03 0.03 



0.25 1.00 1.00 1.00 2.00 1.00 



0.25 0.25 0.13 0.25 0.13 0.25 



0.50 - 0.50 0.25 0.50 0.25 



50 



55 



In the following examples, which are representative of the scope: 

(a) NMR spectra were taken at 200MHz or 400 MHz in DMSO-de/CD 3 COOD unless otherwise stated; 

(b) Allytoxy means the propen-1-yloxy group -OOfeCH^CH* 

(c) THF means tetrahydrofuran; 

(d) DMF means dimethylformamide; 

(e) DMSO means dimethylsulphoxide; 

(0 Meldrum's acid is 2 f 2-dimethyi-1,3-dioxane-4 ? 6-dione; 

(g) Evaporation of solvents was carried out under reduced pressure; - _ 

(h) Relativ amounts of solvents and solids glv n In 'parts' are in parts by weight 
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Example 1 

(1 R f 5S.6S.8R^ / S,4 f S)-2-(2-<4-Cartoxy-2-hydroxypheny< carbarn yl)-pyrrolidin-4-ylthlo)-6-(1 -hydroxyethyl)- 

1- methy1carbapenem-3-carboxylic acid. 

5 

To a solution of allyl (1R,5S,6S,8R,2'S,4'S)-2-(1-aJlyloxyMrtonyl-2-(4-aW 
caitoamoy1)pyrrolidirv4-ylthfo}-6-(1-hydroxy (230 mg, 0.33 mM) and 

Meldrum's acid (380 mg, 2.64 mM) in a mixture of DMF (2 ml) and THF (1 ml), under an argon atmosphere, 
was added tetrakis-(triphenyiphosphine)paJladium (38 mg, 0.033 mM). The solution was stirred, under argon 
10 with protection from the light, for 45 minutes. THF (1 0 ml) was added slowly, followed by ether (1 0 ml) to pre- 
cipitate the product The resultant suspension was stirred for 1 0 minutes, the product was collected by filtration, 
washed first with THF then ether, and dried to give the title product (90%). 

NMR: 5 1.17 (d, 6H); 1.78 (quintet, 1H); 2.62-2.73 (m, 2H); 3.22 (dd, 1H); 3.41 (quintet 1H); 3.50-3.68 (m, 
2H); 3.99 (t 1H); 4.08 (t 1H); 4.19 (dd, 1H); 7.45 (dd, 1H); 7.50 (d, 1H); 8.29 (d, 1H). 
is Ms (+ve FAB): 492 (M+H)* 

The starting materials were prepared as follows: 

Preparation of Allyl 3-allytoxy-4-aminobenzoate 

20 3-Hydroxy-4-nitrobenzoic acid (20 g, 0.11 M) was dissolved in DMF (230 ml), and anhydrous potassium 

carbonate (45 g, 0.33 M) added with stirring. Allyl bromide (23 ml, 0.27 M) was run in, and the mixture stirred 
for 1 8 hours at ambient temperature. The solvent was removed by evaporation, the residue drowned into water, 
and product extracted into diethyl ether. The ethereal solution was washed with an aqueous 2M solution of so- 
dium hydroxide, water, brine, and dried over MgS0 4 . 

25 Evaporation of the solvent gave allyl 3-allytoxy-4-nitrobenzoate (25 g). 

NMR (CDCI 3 ): 5 4.73-4.76 (m, 2H); 4.83-4.87 (m, 2H); 5.30-5.55 (m, 4H); 5.94-6.14 (m, 2H); 7.68-7.76 (m, 
2H); 7.83 (d, 1H). 

The crude ester (10 g, 38 mM) was dissolved in ethanol (20 ml) and added to a stirred suspension of 
SnCI 2 .2H 2 0 (42.9 g, 0.19 M) in ethanol (60 ml) under argon at ambient temperature. The mixture was heated 
30 to reflux for 30 minutes, cooled and poured onto ice. After making basic to pH 8 with an aqueous solution of 
sodium bicarbonate, the mixture was extracted with ethyl acetate. The combined extracts were washed with 
water and brine, dried over MgS0 4 and evaporated to give allyl 3-allyioxy-4-aminobenzoate (8.2 g). 

NMR (CDCI3): 6 4.22 (br, 2H); 4.57-4.63 (m, 2H); 4.75-4.79 (m, 2H); 5.22-5.47 (m, 4H); 5.93-6.15 (m, 2H); 
6.67 (d, 1H); 7.48 (d, 1H); 7.58 (dd, 1H). 

35 

Preparation of the Pyrrol id in-4-yi thiol Side Chain 

The cyclohexylamine salt of (2S,4S)-4*acetylthio-1-allyloxycai1)onyl-2-camoxypyrrolidine (2.5 g, 6.6 mM) 
was treated with a 2M aqueous solution of hydrochloric acid and extracted with ethyl acetate. The extract was 
40 washed with water and brine and dried over MgS0 4 . 
Evaporation of the solvent gave the free acid. 

Vilsmeier reagent was prepared by treatment of DMF (0.56 ml, 7.2 mM) In dichloromethane (35 ml) under 
argon with oxaJyl chloride (0.58 ml, 6.6 mM) at -1 0° for 30 minutes. The (2S,4S)-4-acety1thio-1 -allyioxycarbonyl- 

2- carboxypyrrolidine was added to this in one portion, followed by N-methytmorpholine (0.87 ml, 7.9 mM) and 
45 stirring continued for 30 minutes at -1 0°. After cooling to -20°, allyl 3-aJIyf oxy-4-aminobenzoate (1 .54 g, 6.6 mM) 

plus N-methyi morpholine (0.87 ml, 7.9 mM) dissolved in dichloromethane (20 ml) were added dropwise. The 
temperature was allowed to rise to 5° and stirring continued for 2 hours. After dilution with dichloromethan , 
the mixture was washed with a 2M aqueous solution of hydrochloric acid, water and a saturated aqueous sol- 
ution of sodium bicarbonate. It was dried over MgS0 4 and the solvent evaporated. Crude material was purified 
50 by medium pressure chromatography using a gradient of diethyl ether (0 to 10%) in dichloromethane to giv 
(2S f 4S)-4-acetyithk>-1-allyloxycart>on^ (2.7 g). 

NMR (COCI 3 ): 6 Z30 (s, 3H); 2.49 (br 1H); 2.63 (br. 1H); 3.40 (dd, 1H); 4.03 (quintet. 1H); 4.16 (dd. 1H); 
4.56 (t 1H); 4.62-4.67 (m, 4H); 4.79-4.83 (m, 2H); 5.18-5.48 (m, 6H); 5.94-6.16 (m, 3H); 7.56 (d. 1H); 7.72 (dd. 
1 H); 8.47 (d f 1 H); 9.1 9 (br, 1 H). 

55 . . . . - - - 

Conversion to th Pyrrolidin-4-ylthiol 

The (2S,4S)-4-acety1thk>-1 -allytoxycart>onyt-2-(4-allyl xycartx>nyl-2-aJly1oxyphenytcaroajrioy1)pyrrolidine 
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(1 .3 g, 2.66 mM) was dissolved In aflyl alcohol and th solution flushed with argon. A 1 M aqueous solution of 
sodium hydroxide (2.66 mi, 1 mM) was added and the mixture was stirred at ambient temperature for 60 min- 
utes. A 2M aqueous solution of hydrochloric acid (1.33 ml, 1 mM) was added and the pH adjusted to 8 with a 
dilute aqueous solution of sodium bicarb nate. The solvent was removed by evaporation and the residue par- 
titioned between ethyl acetate and water. The organic layer was washed with a dilute aqueous solution of so- 
dium bicarbonate, brine, and dried (MgS0 4 ). The solvent was evaporated to give (2S,4S)-1-a0ylQxycarbony1- 
2-(4-aIlyloxycart>onyf-2-allyfoxyphenylc&rban^ as a gum. This could be used as such or 

optionally purified by medium pressure chromatography on silica. 

NMR (CDCI3): 5 1.84 (d, 1H); 2.38 (br 1H); 2.73 (br, 1H); 3.31-3.49 (m f 2H); 4.05-4.22 (br m, 1H); 4.51 (t, 
1H); 4.59-4.68 (m f 4H); 4.78-4.84 (m, 2H); 5.08-5.47 (br + m, 6H); 5.77-6.17 (m, 3H); 7.58 (d, 1H); 7.72 (dd, 
1H); 8.47 (d, 1H); 9.10 (br, 1H). 

Preparation of Protected Carbapenems 

A solution of ally! (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-meth^ 
carboxytate (930 mg, 1.9 mM) was dissolved in dry acetonitrile (6 ml) at 0°. (2S,4S)-1-Allyloxycarbonyl-2-(4- 
allyloxycarbonyl-2-allyloxyphenyicart>^ (850 mg, 1.9 mM) in acetonitrile (10 ml) was 

added and argon bubbled through the solution. After cooling to -20°, di-isopropylethylamine (258 mg, 2 mM) 
in acetonitrile (5 ml) was added dropwise. The temperature was allowed to rise to 5° over 2 hours and main- 
tained at that temperature for 16 hours. The solvent was evaporated and the residue purified by medium pres- 
sure chromatography with gradient elution from dichloromethane to ethyl acetate to give allyfl (1R.5S.6S, 
8R t 2'S,4'S)-2-(1-aJlyloxycaii>onyl-2-(4-allyloxycart>onyi-2-aIlyloxy^ 
ydroxyethyl)-1-methylcarbapenem-3-cart)oxy1ate as a gum (487 mg). 

NMR (CDCI3): 6 1.24 (d, 3H); 1.36 (d, 3H); 2.47 (br, 1H); 2.71 (br, 1H); 3.25,3.29 (dd overlapping m, 2H); 
3.44 (dd, 1H); 3.79 (quintet, 1H); 4.13 (br m, 1H); 4.20-4.29 (m, 2H); 4.57 (t, 1H); 4.60-4.68 (m, 6H); 4.81 (m, 
2H); 5.18-5.47 (m, 8H); 5.80-6.14 (m, 4H); 7.57 (d, 1H); 7.73 (dd, 1H); 8.46 (d, 1H); 9.05 (br, 1H). 

Ms (+ve FAB): 696 (M+H) + , 718 (M+Na) + . 

Allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methy«-^ 
was prepared as follows: 

To a solution of allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-oxocarbapenem-3-cart>oxylate [pre- 
pared in situ from allyl 2-diazc-3-oxc^-(R)-methyl-4-[(3S,4R)-3-(1-(R)^ 

tanoate and rhodium octanoate: see for example EP-A- 208889] and di-isopropylethylamine (1.1 equivalents) 
in acetonitrile, at 0°C, under an argon atmosphere, was added dropwise diphenyi chlorophosphate (1.1 equiv- 
alents). The solution was stirred at ambient temperature for 30 minutes to form the corresponding 2-diphenyt- 
phosphoryloxycarbapenem. 

Example 2 

(1R t 5S,6S,8R v 2'S v 4'S)-2-(2-(5-Carb€]xy-2-hydroxyphenylcait 

1- methylcarbapenem-3-carboxylic acid was prepared from the corresponding allyl protected compound by the 
method described in example 1. 

NMR 5 1.18 (d, 6H); 1.74 (m, 1H); 2.66 (m, part obscured, 2H); 3.21 (dd, 1H); 3.38-3.64 (m, 3H); 3.93-4.04 
(m, 2H); 4.17 (dd, 1H); 6.96 (d, 1H); 7.56 (dd, 1H); 8.80 (d, 1H). 
Ms (+ve FAB): 492 (MH)*; 514 (M + Na)*. 
The starting material was prepared as follows: 

4-Hydroxy-3-nitrobenzoic acid was allylated using the method described in example 1, except using 4-hy- 
droxy-3-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid, to give allyl 4-al!yioxy-3-nitrobenzoate. 

NMR (CDCI3): 6 4.74-4.86 (m, 4H); 5.28-5.57 (m, 4H); 5.93-6.13 (m, 2H); 7.12 (d, 1H); 8.21 (dd, 1H); 8.51 
(d. 1H). 

The above nitro compound was reduced by the method described in example 1, for the reduction of allyl 

2- aIlyloxy-4-nitrobenzoate, except that the solvent was methanol, and using an aqueous solution of ammonia 
in place of sodium bicarbonate in the work-up, to give allyl 4-allyloxy-3-aminobenzoate. 

NMR (CDCIa): 5 3.72 (br, 2H); 4.58-4.65 (m, 2H); 4.74-4.80 (m, 2H); 5.22-5.46 (m, 4H); 5.94-6.14 (m, 2H); 
6.79 (d, 1 H); 7.42 (d, 1H); 7.47 (dd, 1H). 

The above am in was condensed with (2S,4S)-4-acetylthk>-1 -allyloxycart>onyl-2-cart>oxypyrTOlidine using 
the method described in exampl 1 , except using the abov amine in place of allyl 3-a!lyloxy-4-aminob nzoate 
to giv (2S,4S)-1-aJlyloxycarbonyl-2-(2-aJlyloxy-5-aJlyl xycarbonytphenyicarbam yt)pyrrolldin-4-y1thioace- 
tate. 
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NMR (CDCJa): 6 2.31 (s, 3H); 2.51 (br, 1H); 2.64 (br, 1H); 3.39 (dd, 1H); 4.03 (quintet. 1H); 4.16 (dd, 1H); 
4.56 (t, 1H); 4.59-4.66 (m, 4H); 4.77-4.82 (m, 2H); 5.16-5.48 (m, 6H); 5.79-6.18 (m. 3H); 6.91 (d, 1H); 7.82 (dd, 
1H); 8.98 (br, 1H); 9.05 (d, 1H). 

The abov thioacetate was deacetyf ated to the corresponding thiol, which was condensed with ut further 
5 purification with aJlyl (1R,5R,6S,8R)h6-(1-hydroxyethyi)-1-methyi-2-diphenyfphosphoryloxyc^apenenv3- 
carboxytate, using the method described in example 1 for the preparation of protected carbapenems, to giv 
aJIyi (1R,5S,6S,8R,2'S,4'S)-2-(1-aJly1oxycart>onyl-2-(2-aW^ 
4-ylthto>-6-(1-hydroxyethyl>1-methylcart)apenem-a-carboxylate. 

NMR (CDd 3 ): 6 1.19 (d, 3H); 1.35 (d, 3H); 2.52 (br, 1H); 2.66 (br, 1H); 3.19-3.34 (dd overlapping m, 2H); 
10 3.43 (dd, 1H); 3.84 (quintet, 1H); 4.11 (br m, 1H); 4.20-4.31 (m, 2H); 4.55 (t, 1H); 4.59-4.68 (m. 6H); 4.81 (m, 
2H); 5.17-5.45 (m, 8H); 5.89-6.16 (m, 4H); 6.90 (d, 1H); 7.81 (dd, 1H); 8.90 (br, 1H); 9.06 (d. 1H). 

Ms (+ve FAB): 696 (MH)*; 718 (M + Na)* 

Example 3 

15 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2,5-Dica^ 
penem-3-carboxylic acid was prepared from the corresponding ally! protected compound by the method de- 
scribed in example 1. 

NMR 6 1.12 (d, 6H); 1.95 (m, part obscured, 1H); 2.82 (m, part obscured, 1H); 2.82 (m, part obscured, 1H); 
20 2.99 (br m, 1H); 3.19 (dd, 1H); 3.38 (quintet, 1H); 3.64 (m, 1H); 3.82 (m, 1H); 3.94 (quintet 1H); 4.16 (dd, 1H); 
7.63 (dd, 1H); 8.05 (d, 2H); 9.04 (d, 1H). Ms (+ve FAB): 520 (MH) + ; 542 (M + Na) + . 
The starting material was prepared as follows: 

2-Nitrobenzene-1 ,4-dicarboxytic acid was ally! ated using the method described in example 1 , except using 
2-nitrobenzene-1,4-dicarboxytic acid in place of 3-hydroxy-4-nitrobenzoic acid, to give diallyi 2-nrtrobenzene- 
25 1,4-dicarboxylate. 

NMR (CDCI 3 ): 5 4.84-4.91 (m. 4H); 5.31-5.48 (m, 4H); 5.93-6.12 (m, 2H); 7.62 (d, 1H); 8.34 (dd, 1H); 8.58 
(d,1H). 

The above nitro compound was reduced by the method described in example 1, for the reduction of ally! 
2-allyloxy-4-nitrobenzoate, except using an aqueous solution of ammonia in place of sodium bicarbonate in 
30 the work-up, to give diallyi 2-ami no benzene- 1,4-dicarboxylate. 

NMR (CDCI3): 6 4.78-4.82 (m, 4H); 5.26-5.44 (m, 4H); 5.82 (br, 2H); 5.95-6.09 (m, 2H); 7.27 (dd, 1H); 7.36 
(d, 1H); 7.95 (d, 1H). 

The above amine was condensed with (2S,4S)-4-acety1thk>-1-aI!ytoxycart>onyl^ using 
the method described in example 1, except using the above amine in place of allyl 3-aIly1oxy-4-aminobenzoate 
35 to give (2S,4S)-1-ailytoxycarbonyl-2-(2,5-dially1oxy 

NMR (CDCI3): 6 2.29 (s + br m, 4H); 2.81 (br. 1H); 3.54 (dd ( 1H); 4.05 (quintet, 1H); 4.21 (dd, 1H); 4.49- 
4.68 (brm, 3H); 4.82-4.86 (m, 4H); 5.02-5.48 (br+ m, 6H); 5.70-6.15 (br + m, 3H); 7.79 (dd, 1H); 8.14 (d, 1H); 
9.38 (brs, 1H); 11.59 (brs, 1H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
40 purification with allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxycarbapeneiTV^ 
carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to giv 
allyl (1 R,5S,6S,8R, 2'S,4'S)-2-(1-aJlyloxycart>onyk2-(2,5-dia^^ 
to)-6-(1-hydroxyethyl)-1-methyicajt>apenem-3-cart)Oxylate. 

NMR (CDCI3): 5 1.23 (d, 3H); 1.36 (d, 3H); 2.30 (m, 1H); 2.80 (br, 1H); 3.23, 3.29 (dd overlapping m, 2H); 
45 3.59 (dd, 1H); 3.81 (br, 1H); 4.12 (br, 1H); 4.19-4.29 (m. 2H); 4.60 (m, 5H); 4.78-4.90 (m, 4H); 5.02-5.47 (br + 
m, 8H); 5.68-6.13 (br + m, 4H); 7.78 (d, 1H); 8.13 (d, 1H); 9.40 (s, 1H); 11.68 (s, 1H). 

Ms (+ve FAB): 724 (MH)*; 746 (M + Na)\ 

Example 4 

so 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2,3-Dicart>oxyphentf 
thylcarbapenem-3-carboxylic add was prepared from the corresponding allyl protected compound by the meth- 
od described in example 1. - 

NMR 6 1.12 (d, 6H); 1.77 (m, part bscured, 1H); 2.68-2.81 (m, part obscured, 2H); 3.19 (dd, 1H); 3.37 (m, 
55 1H); 3.56 (t, 1H); 3.69 (t, 1H); 3.94 (quintet, 1H); 4.12-4.19 (m, 2H); 7.75 (m, part obscured, 1H); 7.88 (m, part 
bscured, 1H); 8.25 (dd, 1H). 

Ms (+v FAB): 520 (MH)* f 542 (M + Na) + . 
The starting material was prepared as follows: 
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3-Nitrobenzene-1 ,2-dicarboxylic add was allytated using the method described in example 1 , xcept that 

5- nitrobenzene-1.2-dicarboxyiic acid was used in plac of 3-hydroxy-4-nitrobenzoic add, and th reacti nwas 
carried out at 95° for 1 hour, to give diallyi 3-nitrobenzene-1 ,2-dicarboxylate. 

NMR (CDd 3 ): 6 4.79-4.86 (m, 2H); 4.88-4.93 <m f 2H); 5.29-5.47 (m f 4H); 5.91-6.16 (m, 2H); 7.69 (t, 1H); 
8.34-8.41 (m # 2H). 

The above nitro compound was reduced by the method described in example 1, for the reduction of aJlyl 
3-aJlyioxy-4-nitrobenzoate, except using an aqueous solution of ammonia in place of sodium bicarbonate in 
the work-up, to give diallyi 3-aminobenzene-1,2-dicarboxyiate. 

NMR (CDCI3): 8 4.70-4.74 (m t 4H); 5.01 (br f 2H); 5.23-5.40 (m. 4H); 5.89-6.03 (m. 2H); 6.79 (dd, 1H); 7.92 
(dd, 1H); 7.24 (t,1H). 

The above amine was condensed with (2S,4S)-4-acetylthio-1-allyloxycartwny^ using 
the method described in example 1 , except using the above amine in place of allyl 3-allytoxy-4-aminobenzoate 
to give (2S,4S)-1-allyloxycait>onyl-2-<2 # 3-di^^ 

NMR (CDCI3): 8 2.29 (s, 3H); 2.35 (br. 1H); 2.75 (br f 1H); 3.49 (dd, 1H); 4.04 (quintet 1H); 4.17 (dd, 1H); 
4.52 (dd, 1 H); 4.65 (br d, 2H); 4.72-4.77 (m, 4H); 5.08-5.43 (br + m, 6H); 5.76-6.09 (br + m, 3H); 7.44-7.58 (m, 
3H); 8.60 (dd, 1H); 10.12 (br s, 1H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without furth r 
purification with allyl (1R.5R,6S,8R)-6-(1-hydroxyethylH-meth^ 

carboxytate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyl (1 R, 5S,6S,8R, 2'S,4'S)-2-(1-ailyloxycart)onyi-2-(2,3-diallyloxycaj1>onylphenylcart 
to)-6-(1-hydroxyethy1)-1-methylcarbapenem-3-carboxylate. 

NMR (CDCI3): 5 1.21 (d, 3H); 1.35 (d, 3H); 2.33 (br, 1H); 2.75 (br, 1H); 3.23, 3.30 (dd overlapping m, 2H); 
3.51 (dd, 1H); 3.79 (br m, 1H); 4.10 (br, 1H); 4.18-4.29 (m, 2H); 4.52 (t, 1H); 4.60-4.66 (m, 4H); 4.73 (m, 4H); 
5.16-5.40 (m, 8H); 5.79-6.05 (m, 4H); 7.43 (dd, 1H); 7.54 (t, 1H); 8.62 (d. 1H). 

MS (+ve FAB): 724 (MH)*; 746 (M + Na) + . 

Example 5 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Cart)oxyphenylcarbamoyl)pyrrolidin-^ 
carbapenem-3-carboxylic add was prepared from the corresponding allyl protected compound by the method 
described in example 1. 

NMR 8 1.18 (d, 6H); 1.81 (m, part obscured, 1H); 2.72-2.87 (m, part obscured, 2H); 3.23 (dd, 1H); 3.47 
(quintet, 1H); 3.50 (m, 1H); 3.74 (t, 1H); 3.99 (quintet, 1H); 4.14-4.23 (m, 2H); 7.13 (td, 1H), 7.52 (td, 1H); 8.01 
(dd, 1H); 8.54 (dd, 1H). 

MS (+ve FAB): 476 (MH) + ; 498 (M + Na) + . 

The starting material was prepared as fdlows: 

2-Nitrobenzoic add was allytated using the method described in example 1 , except that 2-nitrobenzoic acid 
was used in place of 3-hydroxy-4-nitrobenzoic acid, to give allyl 2-nitrobenzoate. 

NMR (CDCIs): 8 4.80-4.85 (m, 4H); 5.28-5.44 (m, 4H); 5.89-6.09 (m, 2H); 7.58-7.79 (m, 3H); 7.89-7.94 (m, 

1H). 

The above nitro compound was reduced by the method described in example 1, for the reduction of allyl 
3-allyloxy-4-nitrobenzoate, except using an aqueous solution of ammonia in place of sodium bicarbonate in 
the work-up, to give allyl 2-aminobenzoate. 

NMR (CDCI3): 8 4.76-4.80 (m, 4H); 5.24-5.44 (m, 4H); 5.68 (br, 2H); 5.94-6.1 3 (m. 2H); 6.60-6.68 (m, 2H); 
7.26 (td, 1H);7.90(dd, 1H). 

The above amine was condensed with (2S,4S)-4-acetylthk>-1-allytoxy«^nyl-2-ca^ using 
the method described in example 1, except using the above amine in place of allyl 3-allyloxy-4-aminobenzoate 

to give (2S,4S>-1-aJly1oxycartx3ny1-2-(2-aJI^ 

NMR (CDCI3): 8 2.28 (s + m. 4H); 2.85 (br, 1H); 3.53 (dd, 1 H); 4.04 (quintet, 1H); 4.21 (dd, 1H); 4.46-4.68 
(br m, 3H); 4.81 (d, 2H); 4.97-5.47 (br + m. 4H); 5.67-6.12 (br + m, 2H); 7.11 (t, 1H); 7.56 (td, 1H); 8.08 (dd, 
1 H); 8.72 (d, 1 H); 1 1 .61 (br s. 1 H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyl (1R t 5R t 6S,8R)-6-(1-hydroxyethyf>-1-methyl-2-diphenylphosphc^oxycarta 
carboxytate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyl (1 R t 5S,6S f 8R,2'S,4'S>-2-(1-aJlyloxycarbonyl-2-(2-allyloxycart)pnv^ )- 

6- (1 -hydroxyethyl)-1 -methytcarbapenem-3-carboxylate. 

NMR (CDCI3): 8 1.24 (d, 3H); 1.35 (d. 3H); 2.29 (m, 1H); 2.83 (br, 1H); 3.24, 3.32 (dd veriapping m, 2H); 
3.76 (br, 1H); 4.12 (brm, 1H); 4.18-4.31 (m, 2H); 4.60 (br m, 5H); 4.78 (brm, 2H); 5.04-5.46 (br+ m, 6H); 5.65- 
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6.02 (br + m f 3H); 7.02 (t, 1H); 7.58 (t, 1H); 8.08 (d, 1H); 8.73 (d. 1H); 11.72 (s. 1H). 
Ms (+ve FAB): 640 (MH)-, 662 (M + Na)+. 

Exampl 6 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Carboxy-3-m^^ 
methylcarbapenem-3-carboxylic acid, disodium salt 

To a solution of ally! (1R,5S,6S t 8R,2'S,4'S)-2-(1-aiiyloxycartK>ny1-2-(2^ 
carbamoyljpyrrolidin^yito^ (250 mg, 0.38 mM) and 

Meldrum's acid (331 mg, 2.30 mM) in a mixture of DMSO (3 ml) and THF (1 ml), under an argon atmosphere, 
was added tetrakis(triphenylphosphine)paJ!adium (44 mg, 0.038 mM). The solution was stirred under argon with 
protection from light for 1 hour. A solution of sodium 2-ethylhexanoate (126 mg, 0.76 mM) in THF (3 ml) was 
added, and the mixture poured into THF (30 ml), with vigorous stirring. The resultant precipitate was centrifug d, 
and supernatant removed. The product was washed twice by resuspension in THF followed by centrifugation, 
and finally dried under high vacuum to give the title product (153 mg, 75%). 

NMR 8 1.11 (d, 6H); 1.70 (m, part obscured, 1H); 2.32 (s, 3H); 2.78 (m, 1H); 2.95 (dd. 1H); 3,19 (dd, 1H); 
3.35 (quintet, 1H); 3.62 (dd, 1H); 3.79 (t, 1H); 3.96 (quintet 1H); 4.14 (dd, 1H); 4.25 (t, 1H); 6.98 (d. 1H); 7.23 
(t, 1H);7.68(d, 1H). 

Ms (+ve FAB): 512 (MH)\ (Na sait) + ; 534 (Na 2 salt)*. 

The starting material was prepared as follows: 

2-Methyi-6-nitrobenzoic acid was allylated using the method described in example 1, except using 2-me- 
thyl-6-nitrobenzoic acid in place of 3-hydraxy-4-nitrobenzoic acid to give allyi 2-methyl-6-nitrobenzoate. 

NMR (CDCI 3 ): 8 2.43 (s, 3H); 4.87 (d, 2H); 5.30-5.48 (m, 2H); 5.94-6.14 (m, 1H); 7.47 (t, 2H); 7.55 (d t 1 H); 
8.00 (s, 1H). 

Ally! 2-amino-6-methy1benzoate 

Stannous chloride dihydrate (15.3 g, 67.8 mM) was suspended in methanol (25 ml), and a solution of allyi 
2-methyl-6-nitrobenzoate (3.0 g, 13.6 mM) in methanol (5 ml) was added. The mixture was heated at reflux for 
1 hour, cooled, and solvent removed. The residue was treated with ethyl acetate (100 ml), made basic with 
880 ammonia and diluted with water (50 ml). The organic layer was decanted from the slurry of tin salts, which 
was extracted with two further portions of ethyl acetate. The combined organic extracts were washed with diiut 
ammonia, water, brine, and dried over MgS0 4 , to give allyi 2-amino-6-methylbenzoate as an oO (1 .94 g, 75%). 

NMR (CDCI3): 8 2.45 (s, 3H); 4.46 (br, 2H); 4.81 (dt, 2H); 5.25-5.45 (m, 2H); 5.94-6.14 (m, 1H); 6.53 (d, 
2H); 7.08 (t, 1H). 

Preparation of side chain pyrrolidin-4-ylthioacetate 

(2S,4S)-4-Acetylthk>-1-allyloxycartw (2.3 g, 8.6 mM), allyi 2-am ino-6- methyl be rv 

zoate (1.5 g, 7.8 mM), and 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (2.5 g, 10 mM) were dissolved in 
toluene (30 ml) and stirred for 18 hours at ambient temperature. The reaction mixture was diluted with ethyl acet- 
ate (150 ml) and washed with a 2M aqueous solution of HCI (3 by 30.mi), water, a saturated aqueous solution 
of NaHC0 3l and brine. Drying over MgS0 4 and evaporation of the solvent gave (2S,4S)-4-acetyfthio-1-aJlylox- 
ycarbonyl-2-(2-allyloxycai1>ony1-3-methylph as a gum (3.4 g, 97%) which was used 

without further purification. 

NMR <CDCI 3 ): 8 2.29 (s overlapping m, 4H); 2.47 (s, 3H); 2.75 (br, 1H); 3.49 (dd, 1H); 4.04 (quintet, 1H); 
4.17 (m, 1H); 4.49 (m. 1H); 4.63 (d, 2H); 4.83 (dt, 2H); 5.10-5.45 (m ( 4H); 5.27-6.11 (m, 2H); 6.99 (d, 1H); 7.35 
(t, 1H); 8.26 (d, 1H); 10.22 (br, 1H). 

The above thioacetate was deacetylated as described in example 1 for4-acetylthio-1-allyfoxycarbonyl-2- 
(4-allyloxycai1x>nyl-2-allyoxyphenylcajl3amoyl)pyrrolidine v to give the thiol. 

The thiol was used without further purification and condensed with allyi (1 R,5R,6S,8R)-6-(1-hydroxyethyl)- 
1-methyt-2-diphenylphosphorylQxycarbapen m-3-carboxylate, using the method described in example 1, for 
the preparation of protected carbapenems, to giv allyi (1 R,5S,6S,8R^'S,4'S)-2-(1-allyloxycart>onyl-2-(2-ally- 
loxycartx>nyl-3-methy1phenylcart>anK>yl)^ 
yiate. 

NMR (CDCI3): 8 1.24 (d, 3H); 1.35 (d f 3H); 2.29 (br, 1H); 2.76 (br, 1H); 3.24 (dd. 1H); 3.29 (quintet, 1H); 
3.50 (dd, 1H); 3.75 (quintet, 1H); 4.06-4.19 (overlapping m, 3H); 4.50 (t, 1H); 4.63 (d, 4H); 4.81 (d, 2H); 5.17- 



19 



EP 0 508 682 A1 



5.47 (m, 6H); 5.78-6.13 (m, 3H); 6.98 (d f 1H); 7.35 (t, 1H); 8.29 (d, 1H); 10.39 (br, 1H). 
Ms (+ve FAB): 654 (MH)*; 676 (M + Na)\ 

Example 7 

5 

(1R,5S,6S,8R#S v 4'S)-2^2^2-Cart^ 

1- methy1carbapenem-3-carboxylic acid, disodium salt was prepared from the ally! protected compound using 
the method described in example 6. 

Partial NMR 8 1.13 (d f 3H); 1.16 (d. 3H); 3.19 (dd, 1H); 3.99 (m, 2H); 4.15 (dd, 1H); 7.28 (dd, 1H); 7.80 (d, 
10 1H);8.45(d. 1H). 

Ms (+ve FAB): 512 (MH) + , (Na salt)*; 534 (Na 2 salt)* 
The starting material was prepared as follows: 

5-Methyi-2-nitrobenzoic acid was allytated using the method described in example 1 except using 5-methyi- 

2- nitrobenzoic acid in place of 3- hydroxy-4- nitro benzoic acid, to give ally) 5-methyt-2-nitrobenzoate. 

15 NMR (CDCI 3 ): 8 2.47 (s f 3H); 4.82 (dt, 2H); 5.2S-5.43 (m f 2H); 5.92-6.08 (m f 1H); 7.39 (dd, 2H); 7.49 (d. 

1H);7.86(d, 1H). 

The above nitro compound was reduced by the method described in example 6, for the reduction of ailyl 
2-methyJ-6-nitrobenzoate to give ailyl 2-amino-5-methyibenzoate. 

NMR (CDa 3 ): 8 2.23 (s, 3H); 4.78 (dt, 2H); 5.20 (br, 2H); 5.24-5.44 (m f 2H); 5.94-6.14 (m, 1H); 6.60 (d, 
20 1 H); 7.09 (dd, 1 H); 7.68 (d, 1 H). 

The above amine was condensed with (2R,4S)-4-acetylthio-1-allyloxycaroony1-2-carboxypynrolidine using 
the method described in example 6, except using the above amine in place of ailyl 2-amino-6-methytbenzoate 
and purifying by chromatography using a gradient of dichloromethane/ diethyl ether (100:0 to 90:10) to give 
(2S,4S)-1-allyloxycarbonyl-2-(2-allytoxyca^ 
25 NMR (CDCI3): 8 2.28, 2.34 (2 s overlapping m, 7H); 2.80 (br, 1H); 3.54 (dd, 1H); 4.03 (quintet. 1H); 4.19 

(brm, 1H); 4.51 (br, 1H); 4.62 (br, 2H) 4.79 (d, 2H); 5.18 (br, 2H); 5.29-5.46 (m, 2H); 5.82 (br, 1H); 5.95-6.11 
(m, 1H); 7.36 (dd, 1H); 7.86 (d, 1H); 8.51 (d, 1H); 11.52 (brs, 1H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with ailyl (1 R, 5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-dipheny1phosphoryloxycarbapenem-3- 
30 carboxylate, using the method described in example 1 for the preparation of protected carbapenems to give 
ailyl (1R,5S,6S,8R,2'S,4'S)-2-(1-allyloxycaroon 
4-yith io)-6-( 1 -hyd roxyethyl)- 1 -methyl carbapenem-3- carboxylate. 

NMR (CDCI3): 8 1.23 (d, 3H); 1.35 (d, 3H); 1.93 (br, 1H); 2.34 (s, 3H); 2.80 (br, 1H); 3.24 (dd, 1H); 3.32 
(m, 1H); 3.57 (dd, 1H); 3.75 (br, 1H); 4.15-4.29 (overlapping m, 3H); 4.61 (d + m, 4H); 4.78 (m, 2H); 5.00-5.46 
35 (m, 6H); 5.76-6.13 (m, 3H); 7.36 (dd, 1H); 7.86 (d, 1H); 8.59 (d, 1H); 11.58 (br, 1H). 

Ms (+ve FAB): 654 (MH)*; 676 (M + Na)*. 

Example 8 

40 (1R,5S,6S,8R,2'S,4'S)-2-(2-(2-C^rooxy-4-chIoro^ 

1 -methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding ailyl protected 

compound using the method described in example 6, except that the product did not precipitate on dilution with 

THF alone, but needed further dilution with double the volume of diethyl ether. 

NMR 8 1 .21 (d, 6H); 2.03 (m, part obscured, 1 H); 2.91 (quintet, 1 H); 3.1 1 (dd, 1 H); 3.28 (dd, 1H); 3.45 (quin- 
45 tet, 1H); 3.64-3.76 (m, 1H); 3.91 (t, 1H); 4.05 (t, 1H); 4.23 (dd, 1H); 4.40 (t, 1H); 7.49 (dd, 1H); 8.03 (d, 1H); 

8.54 (d, 1H). 

Ms (+ve FAB): 532/534 (MH)\ (Na salt)*; 554/556 (Na 2 salt)*. 
The starting materia) was prepared as follows: 

5-Chloro-2-nitrobenzoic acid was ailylated using the method described in example 1, except using 5- 
50 ch!oro-2- nitro benzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give ailyl 5-chloro-2-nitrobenzoate. 

NMR (CDCI3): 8 4.83 (dt 2H); 5.30-5.45 (m, 2H); 5.89-6.08 (m, 1H); 7.59 (dd, 1H); 7.70 (d, 1H); 7.81 (d. 

1H). 

The abov nitro compound was reduced by the method described in example 6, for the reduction of ailyl 
2-methyt-6-nitrobenzoate, to give ailyl 2-amino-5-chl robenzoat . 
55 NMR (CDCI3): 8 4.78 (dt, 2H); 5.27-5.44 (m. 2H); 5.60 (br, 2H); 5.93-6.13 (m, 1H); 6.60 (d, 1H);7.21 (dd, 

1H); 7.86 (d, 1H). 

Th above amin was condensed with (2S,4S)-4-acetylthio-1 -aIlyloxycarbony1-2-cart>oxypyrrolidin using 
the method described in example 1, except using the above amine in place of ailyl 3-allyloxy-4-aminobe nzoate 
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to give (2S,4S)-1-aI!yloxycarbonyl-2^2-aJly1oxycarto 

NMR (CDCI3): 8 2.28 (s overlapping m. 4H); 2.78 (br, 1H); 3.52 (dd, 1H); 4.03 (quintet, 1H); 4.19 (dd, 1H); 
4.45-4.70 (br m, 3H); 4.81 (d, 2H); 5.21 (br, 2H); 5.29-5.46 (m t 2H); 5.83 (br, 1H); 5.91-6.11 (m, 1H); 7.50 (dd, 
1H); 8.02 (d, 1H); 8.72 (d, 1H); 11.54 (brs, 1H). 
5 Ms (+ve FAB): 467/469 (MH)*. 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with ally! (1R,5R,6S,8R)-&-(1-hydroxyethyl)-1-methyl-2-diph 

boxylate, using the method described in example 1 for the preparation of protected carbapenems to give ally) 
(1 R,5S,6S,8R^S,4'S)-2-(1-aIryloxycartx)n^ 
10 6-(1 -hydroxyethy1)-1 -methylcarbapenem-3-carboxytate. 

NMR (CDCU): 8 1.23 (d, 3H); 1.35 (d. 3H); 2.28 (quintet, 1H); 2.81 (br, 1H); 3.25 (dd, 1H); 3.30 (t, 1H); 
3.58 (dd, 1H); 3.77 (br, 1H); 4.13 (br, 1 H); 4.19-4.30 (overlapping m, 2H); 4.51-4.86 (m, 7H); 5.05-5.45 (m, 6H); 
5.70-6.09 (m f 3H); 7.50 (dd, 1H); 8.02 (d, 1H); 8.71 (d, 1H); 11.61 (s, 1H). 

Ms (+ve FAB): 674/676 (MH)*; 696/698 (M+Na)\ 

15 

Example 9 

(1R,5S,6S,8R^S,4'S)-2-(2-(2-(ktfbCKy-^^ 

1- methylcarbapenem-3-carboxylic acid was prepared from the corresponding ailyt protected compound by the 
20 method described in example 1, except that the resulting crude acid was dissolved in water and purified by 

chromatography on CHP20P resin, eluting with water. 

NMR 8 1.16 (d, 6H); 1.82 (m, part obscured, 1H); 2.83 (m, part obscured, 2H); 3.23 (dd, 1H); 3.42 (quintet, 
1H); 3.59 (m, 1H); 3.72 (t, 1H); 4.99 (quintet 1H); 4.20 (dd overlapping m f 2H); 7.09 (dd. 1H); 7.15 (t, 1H); 7.36 
(d, 1H). 

25 Ms (+ve FAB): 492 (MH) + ; 514 (Na salt)*. 

The starting material was prepared as follows: 

3-Hydroxy-2-nitrobenzoic acid was allylated using the method described in example 1, except using 3-hy- 
droxy-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyl 3-allyloxy-2-nitrobenzoate. 
NMR (CDCI 3 ): 8 4.66 (dt, 2H); 4.79 (dt, 2H); 5.28-5.44 (m, 4H); 5.87-6.08 (m, 1H); 7.24 (dd, 2H); 7.51 (t, 
30 1H); 7.62 (dd, 1H). 

Ms (CI): 264 (MH) + ; 281 (M + NhU) + . 

The above nrtro compound was reduced by the method described in example 6, for the reduction of allyl 

2- methyl-6-nitrobenzoate t except that the solvent used was ethanol, to give allyl 3-allyfoxy-2-aminobenzoat . 

NMR (CDCI3): 8 4.57 (dt, 2H); 4.78 (dt, 2H); 5.24-5.44 (m, 4H); 5.90-6.15 (m overlapping br, 2H); 6.54 (t, 
35 1 H); 6.85 (dd, 1 H); 7.52 (dd, 1 H). 
Ms (CI) : 234 (MH)*. 

The above amine was condensed with (2S,4S)-4-acetylthio-1-allyloxycai1>ony1-2-(^u1)oxypyrrolidine using 
the method described in example 1 , except using the above amine in place of allyl 3-ailyloxy-4-amino benzoate 
to give (2S,4S)-1-allyloxycart)ony1-2-(2-allyloxy- 
40 tate. 

NMR (CDCI3): 8 2.31 (s overlapping br m, 4H); 2.72 (br t 1H); 3.40 (br t, 1H); 3.98 (quintet, 1H); 4.22 (br t, 
1H); 4.53 <br, 1H); 4.57-4.68 (br m. 4H); 4.76 (m, 2H); 5.21 (br, 2H); 5.22-5.45 (m, 4H); 5.85 (br, 1H); 5.92-6.13 
(m, 2H); 7.07 (dd, 1 H); 7.1 7 (t, 1 H); 7.46 (dd. 1 H); 8.95 (br d, 1 H). 

Ms (+ve FAB): 489 (MH)*; 51 1 (M + Na)*. 
45 The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 

purification with allyl (1R,5R,6S,8R]h6-(1-hydroxyethylH-methyl-2-^ 

carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to giv 
allyl (1R,5S,6S, 8R,2'S,4'S)-2-(1-allyloxycarbonyl-2-(2-ally1oxy-6-aH^ 
din-4-ytthk>}-6-(1-hydroxyethyl)-1-methy]carba 
so NMR (CDCI3): 8 1.25 (d, 3H); 1.35 (d, 3H); 2.31 (br, 1H); 2.75 (br, 1H); 3.24 (dd, 1H); 3.33 (t. 1H); 3.44 (t, 

1H); 3.66 (quintet, 1H); 4.10-4.20 (m, 3H); 4.50 (t, 1H); 4.56-4.78 (m. 8H); 5.14-5.45 (m, 8H); 5.78-6.13 (m, 
4H); 7.08 (dd, 1H); 7.18 (t, 1H); 7.48 (dd, 1H); 8.93 (brs, 1H). 
Ms (+v FAB): 696 (MH)+; 718 (M ♦ Na)+ 

55 Example 10 ^ . 

(1R f 5S,6S f 8FU'S,4'S)-2^2-(2-Carboxy-^ 
1 -methylcart)apenem-3-cart)oxylic acid, disodium salt was prepared from the corresponding allyl protected 
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compound using the method described in xample 6. 

NMR 6 1.21 (d, 6H); 2.05 (m, 1H); 2.98 (quintet, 1H); 3.17 (dd, 1H); 3.27 (dd, 1H); 3.42 (quintet, 1H); 3.75 
(dd, 1H); 3.95 (t, 1H); 4.04 (quintet. 1H); 4.23 (dd, 1H); 4.48 (t, 1H); 7.39 (t, 1H); 7.69 (dd, 1H); 7.83 (dd, 1H). 

Ms (+v FAB): 510/512 (MH)*; 532/534 (MH)* (Na salt)*; 554/556 (Na 2 salt)*. 

The starting materia) was prepared as follows: 

3-Chloro-2-nitno benzoic acid was allylated using the method described in example 1, except using 3- 
chloro-2-nitro benzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give ally! 3-ch!on>2-nitrobenzoate. 
NMR (CDCI3): 6 4.81 (dt, 2H); 5.29-5.45 (m, 2H); 5.87-6.07 (m, 1H); 7.52 (t, 2H); 7.71 (dd, 1H); 8.00 (dd, 

1H): 

Ms (CI): 259/261 (M + NhU)*. 

The above nitro compound was reduced by the method described in example 6, for the reduction of allyl . 
2-methyl-6-nitrobenzoate, except that the solvent was ethanol, to give allyl 2-amino-3-chlorobenzoate. 

NMR (CDCI 3 ): 6 4.80 (dt, 2H); 5.26-5.44 (m, 2H); 5.95-6.11 (m, 1H); 6.25 (br, 2H); 6.61 (t, 1H); 7.40 (dd, 
1H); 7.86 (dd, 1H). 

The above amine was condensed with (2S v 4S)-4-acety1thk>-1-ally1oxycaitK>nyl-2-cart>oxypym)lidine using 
the method described in example 1 , except using the above amine in place of allyl 3-ally1oxy-4-aminobenzoat , 
to give (2S,4S)-1-a]lylQxyc2ut>ony1-2-(2-aIly1 

NMR (CDCI3): 5 2.32 (s. 3H); 2.38 (br. 1H); 2.72 (br. 1H); 3.43 (dd, 1H); 3.99 (quintet, 1 H); 4.22 (dd, 1 H); 
4.56 (br t, 1H); 4.66 (m, 2H) 4.78 (dt, 2H); 5.17-5.44 (m, 4H); 5.87 (br, 1H); 5.91-6.1 1 (m, 1H); 7.26 (t, 1H); 7.59 
(dd, 1H); 7.82 (dd, 1H); 9.25 (br, 1H). 

Ms (+ve FAB): 467/469 (MH)*; 489/491 (M + Na)\ 

The above thioacetate was deacetytated to the corresponding thiol, which was condensed without further 
purification with allyl (1R.5R.6S, 8R)-6-(1-hydroxyethy1)-1-methyl-2-diphenylphosphoryloxycarbapenem-3- 
carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to grv 
allyl (1 R,5S,6S,8R,2'S, 4'S)-2-(1 -allyloxycarbonyl-2-(2-aHyloxycartK>nyl-6-chlorop 
4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxyiate. 

NMR (CDCI3): 5 1.23 (d, 3H); 1.33 (d, 3H); 2.32 (br, 1H); 2.72 (br, 1H); 3.23 (dd, 1H); 3.31 (quintet, 1H); 
3.45 (t, 1H); 3.69 (dd, 1H); 4.12-4.26 (overlapping m, 3H); 4.53 (t, 1H); 4.58-4.79 (m. 6H); 5.16-5.43 (m, 6H); 
5.81-6.17 (m, 3H); 7.21 (t, 1H); 7.57 (dd, 1H); 7.82 (br d, 1H); 9.17 (br, 1H). 

Ms (+ve FAB): 674/676 (MH) + ; 696/698 (M + Na)*. 

Example 1 1 

(1R,5S f 6S,8R,2'S,4'S)-2-(2-(2-Carboxy-6-methylphenylcarbamoyl)pyrrolid 

1- methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyl protected 
compound using the method described in example 6. 

NMR 5 1.24 (d, 3H); 1.25 (d. 3H); 2.21, 2.28 (m overlapped by s, 4H); 3.10 (quintet, 1H); 3.20 (dd t 1H); 
3.34-3.48 (overlapping.m, 2H); 3.91 (dd. 1H); 4.03-4.17 (overlapping m. 2H); 4.27 (dd, 1H); 4.72 (t, 1H); 7.32 
(t, 1H); 7.50 (br d, 1H); 7.79 (dd, 1H). 

Ms (+ve FAB): 490 (MH)*; 512 (MH)*, (Na salt)*; 534 (Na 2 salt)*. 

The starting material was prepared as follows: 

3-Methyl-2-nitrobenzoic acid was allylated using the method described in example 1, except using 3-me- 
thyf-2-nitrobenzoic acid in place of 3*hydroxy-4-nitrobenzoic acid to give allyl 3-methy1-2-nitrobenzoate. 

NMR (CDCI3): 8 2.36 (s, 3H); 4.79 (dt, 2H); 5.27-5.45 (m. 2H); 5.88-6.07 (m, 1H); 7.45 (t. 2H); 7.51 (dd. 
1H);7.87(dd,1H). 

The above nitro compound was reduced by the method described in example 6, for the reduction of allyl 

2- methyl-6-nitrobenzoate, to give allyl 2-amino-6-methytbenzoate. 

NMR (CDd 3 ): 6 2.17 (s, 3H); 4.79 (dt, 2H); 5.22- 5.45 (m, 2H); 5.88-6.13 (m, 1H); 6.59 (t. 1H); 7.19 (dd. 
1H);7.82(dd,1H). 

The above amine was condensed with (2S,4S)-4-acetyIthk>-1-allyloxycart>onyl-2-c^^ using 
the method described in example 1 , except using the above amine in place of allyl 3-ally1oxy-4-aminobenzoate 
to give (2S,4S)-1-allyloxy<&rtx>nyl-2H2-aUy1oxycarbon . 

NMR (CDCI3): 5 2.29, 2r31 (2 s overlapping m, 7H); 2.78 (br, 1H); 3.51 (dd, 1H); 4.02 (quintet 1H); 4.23 
(br m, 1 H); 4.54 (br t, 1 H); 4.65 (br d, 2H) 4.78 (dt, 2H); 5.23 (br m. 2H); 5.26-5.45 (m, 2H); 5.88 (br, 1 H); 5.92- 
6.12 (m, 1H); 7.20 (t, 1H); 7.43 (d. 1H); 7.82 (d, 1H); 9.66 (br a..1H)^_, 

Ms (+ye FAB): 447 (MH)*; 469 (M + Na)*. 

The abov thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purificati n with allyl (1R,5R,6S, 8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxycarbapenem-3- 
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carboxylate, using the method described in example 1 for the preparation of protected carbap nems to give 
ally1(1R,5S,6S,8R,2'S v 4'S)-2-(1-alIy1oxycarbony1-2-(2-ally1 xycarb nyt-6-methylphenytcarbam 
4-yithk>)-6-(1 -hydroxyethyl)- 1 -methy1carbapenem-3-cart)Oxy1ate. 

NMR (CDCIa): 5 1.25 (d, 3H); 1.33 (d, 3H); 2.26 (s overlapping brm, 4H); 2.79 (br ( 1H); 3.23 (dd, 1H); 3.32 
(quintet, 1H); 3.54 (dd, 1H); 3.68 (br, 1H); 4.21 (dd overlapping m, 3H); 4.52 (t 1H); 4.58-4.79 (m. 6H); 5.15- 
5.43 (m, 6H); 5.83-6.07 (m, 3H); 7.17 (t 1H); 7.42 (d, 1H); 7.82 (d, 1H); 9.68 (brs. 1H). 

Ms (+ve FAB): 654 (MH)*; 676 (M + Na) + . 

Example 12 

(1 R,5S ( 6S,8R^S ( 4'S)-2-(2-(2-Cart>ox^ 

1- methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding ally! protected 
compound using the method described in example 6. 

NMR 5 1.06 (d, 6H); 1.87 (m, part obscured, 1H); 2.72 (dt, 1H); 2.88 (dd, 1H); 3.12 (dd, 1H); 3.30 (quintet, 
1H); 3.55 (dd, 1H); 3.72 (quintet, 1H); 3.90 (quintet 1H); 4.08 (dd, 1H); 4.19 (t 1H); 7.02 (dd, 1H); 7.92 (d, 1H); 
8.49 (d,1H). 

Ms (+ve FAB): 532/534 (MH) + , (Na salt)*; 554/556 (Na 2 salt)*. 
The starting material was prepared as follows: 

4-Chloro-2-nitrobenzoic acid was allylated using the method described in example 1, except using 4- 
chloro-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyl 4-chloro-2-nitrobenzoate. 
NMR (CDCI 3 ): 6 4.82 (dt, 2H); 5.30-5.43 (m, 2H); 5.89-6.06 (m, 1H); 7.64 (dd, 1H); 7.76 (d, 1H); 7.86 (d, 

1H). 

The above nitro compound was reduced by the method described in example 6, for the reduction of allyl 

2- methyl-6-nitrobenzoate, to give allyl 2-amino-4-chlorobenzoate. 

NMR (CDCI3): 6 4.77 (dt, 2H); 5.24-5.44 (m, 2H); 5.60 (br, 2H); 5.92-6.12 (m, 1H); 6.60 (dd, 1H); 6.66 (d, 
1H); 7.81 (d. 1H). 

The above amine was condensed with (2S,4SH-acetyithio-1-ailyloxyca^nyl-2-carboxypym^ using 
the method described in example 1 , except using the above amine in place of allyl 3-ailytoxy-4-aminobenzoate 

to give (2S,4SH-allyloxycart>onyl-2-(2-allyl^ 

NMR(CDa 3 ):5 2.23 (m ( 1H); 2.29 (s, 3H); 2.79 (br, 1H); 3.52 (dd, 1H); 4.04 (quintet 1H); 4.18 (brm, 1H); 
4.46-4.69 (br m, 3H); 4.80 (d, 2H); 5.20 (br, 2H); 5.34-5.45 (m, 2H); 5.83 (br, 1H); 5.91-6.1 1 (m. 1H); 7.08 (dd, 
1H); 8.00 (d, 1H); 8.83 (brs, 1H); 11.67 (s, 1H). 

Ms (+ve FAB): 467/469 (MH) + ; 489/491 (M + Na) + 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyl (1R,5R,6S,8R]h6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryioxyc^apenem-3- 
carboxyiate, using the method described in example 1 for the preparation of protected carbapenems, to giv 
allyl (1 R,5S,6S,8R, 2'S f 4'S)-2-(1-allyioxycartx)nyl-2-(2-allyloxycai1>onyl-5-chloro 
4-^thk>)-6-(1-hydroxyethyl)-1-methyicarbapenem-3-cailK)xylate. 

NMR (CDCI3): 6 1.23 (d, 3H); 1.35 (d, 3H); 2.28 (quintet 1H); 2.79 (br, 1H); 3.24 (dd, 1H); 3.29 (quintet, 
1H); 3.59 (dd, 1H); 3.78 (br, 1H); 4.05-4.19 (br + overlapping m, 3H); 4.50-4.85 (m, 7H); 5.05-5.41 (m, 6H); 
5.70-6.08 (m, 3H); 7.08 (dd, 1H); 7.99 (d, 1H); 8.82 (d, 1H); 11.73 (brs, 1H). 

Ms (+ve FAB): 674/676 (MH)*; 696/698 (M + Na)\ 

Example 13 

(1R,5S,6S,8R,2'S,4'S)-2-(2-{2 f 4-Dicart)oxyphenylcarbamoyl)pyT^ 
thylcarbapenem-3-carboxyiic acid was prepared from the corresponding allyl protected compound using th 
method described in example 1. 

NMR 6 1.31 (d, 6H); 1.97 (m, part obscured, 1H); 2.91 (overlapping m, 2H); 3.36 (dd, 1H); 3.58 (quintet 
1H); 3.74 (dd, 1H); 3.86 (quintet 1H); 4.11 (quintet 1H); 4.32 (dd overlapping m, 2H); 8.19 (dd, 1H); 8.73 (d, 
1H); 8.81 (d, 1H). 

Ms (+ve FAB): 520 (MH)+. 

The starting material was prepared as follows: 

3-Carboxy-4-nitrob nzoic acid was allylated using the method described in example 1 , except using 3-car- 
boxy-4-nitrobenzoic add in place of 3-hydroxy-4-nitrobenzotc acid and that the reaction was carried out at 95° 
for 1 h ur, to giv allyl 3-aIfyt xycarbonyM-nitrobenzoate. 

NMR (CDCI3): 8 4.86 (m, 4H); 5.30-5.48 (m, 4H); 5.79-6.14 (m, 2H); 7.93 (d, 2H); 8.31 (dd, 1H); 8.46 (d, 

1H). 
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The above nitro compound was reduced by the method described in example 6, for the reduction of ally! 
2-methyl-6-nitrobenzoate, except that the solvent was ethan I, to giv allyi 3-ailyioxycarbonyi-4-aminoben- 
zoate. 

NMR (CDa 3 ): 6 4.79 (m t 4H); 5.22-5.46 (m, 4H); 5.90 (br f 1H); 5.94-6.14 (m, 1H); 6.64 (d f 1H); 7.93 (dd, 
1H); 8.65 (d, 1H). 

The above amine was condensed with (2S,4S)-4-acetylthio-1-aIlytQxycartx)nyl-2-carboxw using 
the method described in example 1 , except using the above amine in place of allyi 3-aIlytoxy-4-aminobenzoate, 
to give (2S,4S)-1-aJlyloxycart>onyl-2-<2 t 4-diaIlyloxycaito 

NMR (CDCt 3 ): 6 2.20, 2.21 (s overlapping m. 4H); 2.74 (br, 1H); 3.47 (dd. 1H); 3.97 (quintet, 1 H); 4.12 (dd, 
1H); 4.40-4.62 (brm, 3H); 4.76 (d t 4H); 5.14 (br, 2H); 5.22-5.40 (m, 4H); 5.80 (br, 1H); 5.89-6.07 (m, 2H); 8.15 
(dd, 1H); 8.71 (d, 1H); 8.76 (d, 1H); 11.77 (s, 1H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyi (1R,5R,6S,8R)-6-(1-hydroxyethyt)-1-methyi-2-diphenyIphosphorytoxycaitapenenr^ 
carboxyiate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyi (1 R,5S,6S,8R, 2'S,4'S)-2-(1-allyloxycaitonyl-2-(2,4~diaM 
to)-&-(1-hydroxyethyl)-1-methy1carbapenenv3-carboxyiate. 

NMR (CDCI3): 6 1.23 (d, 3H); 1.35 (d, 3H); 2.29 (quintet, 1H); Z81 (br, 1H); 3.25 (dd, 1H); 3.30 (t, 1H); 
3.59 (dd, 1H); 3.80 (br, 1H); 4.25 (dd overlapping m, 3H); 4.60 (m, 5H); 4.82 (m, 4H); 5.00-5.48 (m, 8H); 5.70- 
6.12 (m, 4H); 8.21 (dd, 1H); 8.78 (d, 1H); 8.82 (d, 1H); 11.92 (s, 1H). 

Ms (+ve FAB): 724 (MH) + ; 746 (M + Na)+ 

Example 14 

(1R,5S,6S t 8R t 2'S,4'S)-2-(2-(2,6-Dicarboxyp 
thylcarbapenem-3-carboxylic acid was prepared from the corresponding allyi protected compound using th 
method described in example 1. 

NMR 6 1.31 (d, 6H); 1.92 (m, part obscured, 1H); 2.91 (overlapping m, 2H); 3.37 (dd, 1H); 3.59 (quint t, 
1H); 3.71-3.91 (overlapping m, 2H); 4.12 (quintet. 1H); 4.29, 4.33 (dd overlapping t, 2H); 7.43 (t, 1H); 8.08 (d, 
2H). 

Ms (+ve FAB): 520 (MH) + . 

The starting material was prepared as follows: 

3-Carboxy-2-nitrobenzoic acid was ailyiated using the method described in example 1 , except using 3-car- 
boxy-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid and that the reaction was carried out at 95° 
for 1.5 hours, to give allyi 3-ailyloxycarbonyl-2-nitrobenzoate. 

NMR (CDCI3): 6 4.81 (m, 4H); 5.29-5.44 (m, 4H); 5.87-6.07 (m, 2H); 7.65 (t, 1H); 8.20 (d, 2H). 

The above nitro compound was reduced by the method described in example 6, except that the solvent 
was ethanol, to give allyi 3-allyloxycarbonyl-2-aminobenzoate. 

NMR (CDCI3): 6 4.78 (dt, 4H); 5.25-5.45 (m, 4H); 5.93-6.13 (m, 2H); 6.56 (t, 1H); 8.05 (br, 2H); 8.13 (d f 

2H). 

The above amine was condensed with (2S,4S)-4^acetylthio-1-aIlytoxycart>ony1-2-carboxypyrrolidine using 
the method described in example 1, except using the above amine in place of allyi 3-allyioxy-4-aminobenzoate 
and purifying by medium pressure chromatography using a gradient of diethyl ether (0 to 20%) in dichlorome- 
thane, to give (2S,4S)-1-aJlyloxycart>onyl-2-(2,6-diaN^ 
tate. 

NMR (CDCI3): 6 2.18, 2.23 (s overlapping m, 4H); 2.68 (br, 1H); 3.41 (dd, 1H); 3.92 (quintet, 1H); 4.16 (dd, 
1H); 4.39 (br, 1H); 4.53 (br, 2H); 4.72 (dt, 4H); 5.11 (br, 2H); 5.20-5.40 (m, 4H); 5.77 (br, 1H); 5.89-6.04 (m, 
2H); 7.19 (t, 1H); 7.99 (d, 2H); 11.05 (s, 1H). 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without furth r 
purification with allyi (1R,5R,6S, 8R)-6-(1-hydroxyethyl)-1-methyt-2-diphenylphosphorytoxycarbapenem-3- 
carboxytate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyi (1 R,5S,6S,8R,2'S, 4'S)-2-(1-allyloxycartonyl-2-(2,6-dia)ly1oxyca^ 
io)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate. 

NMR (CDCI3): 5 1.23 (d, 3H); 1.35 (d, 3H); 2.27 (dt, 1H); 2.74 (quintet, 1H); 3.24 (dd, 1H); 3.30 (t, 1H); 3.55 
(dd, 1H); 3.70 (br quintet, 1H); 4.12-4.30 (overlapping m, 3H); 4.47 (t, 1H); 4.55-4.75 (m, 4H); 4.78 (d, 4H); 
5.05-5.44 (m, 8H); 5.70-6.12 (m, 4H); 7.27 (t. 1H); 8.07 (d, 2H);_1.1.19 (s, 1H) 

Ms (+v FAB): 724 (MH) + ; 746 (M ♦ Na)*. 
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Example 15 

(1 R,5S,6S f 8R^S,4'S)-2-(2-(2-Cart>o^ yf)pyiroJidii>4-yithk))-6-<1 -hydroxyethyl)- 

1- methyicarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyl protected 
compound using the method described in example 6. 

NMR 5 1.18 (d, 6H); 1.82 (m, part obscured, 1 H); 2.74 (dt, 1 H); 2.86 (dd, 1H); 3.22 (dd, 1H); 3.41 (quintet, 
1H); 3.56-3.75 (overlapping m t 2H); 3.84 (s, 3H); 3.99 (quintet 1H); 4.17, 4.19 (t overlapping dd, 2H); 7.23 (dd, 
1H); 7.29 (t, 1H); 7.35 (dd, 1H). 

Ms (+ve FAB): 528 (MH) + , (Na salt)*; 550 (Na 2 salt)*. 

The starting material was prepared as follows: 

3-Methoxy-2-nitrobenzoic acid was allyiated using the method described in example 1 , except using 3-me- 
thoxy-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyl 3-methoxy-2-nitrobenzoate. 

NMR (CDCI3): « 3.93 (s, 3H); 4.79 (dt, 2H); 5.27-5.43 (m, 2H); 5.87-6.07 (m, 1H); 7.25 (dd, 1H); 7.49 (t, 
1H); 7.62 (dd, 1H). 

Ms (CI): 255 (M + NH 4 )*. 

The above nitro compound was reduced by the method described in example 6 for the reduction of allyl 

2- methyl-6-nitrobenzoate, except that the solvent was ethanol, to give allyl 2-amino-3-methoxybenzoate. 

NMR (CDa 3 ): 6 3.86 (s, 3H); 4.78 (dt, 2H); 5.24-5.43 (m, 2H); 5.60 (br, 2H); 5.96-6.11 (m, 1H); 6.57 (t, 
1H); 6.85 (dd, 1H); 7.52 (dd, 1H). 
Ms (CI): 208 (MH)+. 

The above amine was condensed with (2S t 4S)-4-acetylthio-1-alIyloxycait>onyl-2-carboxypyrrolidine using 
the method described in example 1 , except using the above amine in place of allyl 3-allyloxy-4-aminobenzoat , 
to give (2S,4SH-allyfoxycarbonyl-2-(2-allyloxyca^ 
tate. 

NMR (CDCI3): 8 2.32, 2.37 (s overlapping m, 4H); 2.71 (br, 1H); 3.40 (dd, 1H); 3.87 (s, 3H); 3.98 (quint t, 
1H); 4.22 (dd, 1H); 4.52 (br t, 1H); 4.64 (d, 2H); 4.77 (dm, 2H); 5.22 (br, 2H); 5.24-5.43 (m, 2H); 5.87 (br, 1H); 
5.94-6.13 (m, 1H); 7.08 (dd, 1H); 7.20 (t, 1H); 7.46 (dd, 1H); 8.90 (br, 1H). 

Ms (+ve FAB): 463 (MH)*; 485 (M + Na)\ 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyl (1R,5R,6S,8R)h6-(1-hydroxyethyl)-1-methyl-^ 

carboxyiate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyl (1 R,5S,6S,8R, 2'S f 4'S)-2-(1-allyloxycarbonyI-2-(2-allyloxycart>onyl-6-me 
d i n-4-ylth k>)-6-( 1 -hyd roxyethyl)- 1 -methyl carbape nem-3-carboxyl ate. 

NMR (CDCI3): 5 1.26 (d, 3H); 1.36 (d, 3H); 2.32 (br, 1H); 2.77 (br, 1H); 3.23 (dd, 1H); 3.34 (t, 1H); 3.45 (t, 
1H); 3.65 (dd, 1H); 3.87 (s, 3H); 4.23 (dd overlapping m, 3H); 4.51 (br t, 1H); 4.60-4.80 (m, 6H); 5.17-5.46 (m, 
6H); 5.80-6.09 (m, 3H); 7.09 (d, 1H); 7.21 (t. 1H); 7.47 (d, 1H); 8.85 (br, 1H). 

Ms (+ve FAB): 670 (MH) + ; 692 (M + Na) + . 

Example 16 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Carboxy-5-trifluorometa^ 
yethyl)-1-methytcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyl pro- 
tected compound using the method described in example 6. 

NMR 6 1.17 (d, 6H); 1.82 (m, part obscured, 1 H); 2.68-2.87 (overlapping m, 2H); 3.21 (dd, 1 H); 3.32-3.65 
(overlapping m, 3H); 3.88 (quintet, 1H); 4.12-4.23 (overlapping m, 2H); 7.37 (dd, 1H); 8.19 (d, 1H); 8.93 (d, 
1H). 

Ms (+ve FAB): 566 (MH) + , (Na salt)*; 588 (Na 2 salt)*. 
The starting material was prepared as follows: 

2-Nitro-4-trifluoromethyibenzoic acid was allyiated using the method described in example 1 , except using 
2-nitro-4-trifluoromethy1 benzoic acid in place of 3-hydroxy-4-nitro benzoic acid to give allyl 2-nitro-4~trifluoro- 
methyibenzoate. 

NMR (CDCI3): 6 4.86 (dt, 2H); 5.31-5.46 (m, 2H); 5.89-6.09 (m, 1H); 7.89 (d, 1H); 7.96 (dd, 1H); 8.21 (d, 

1H). 

Ms (El): 275 M+. 

The above nitro compound was reduced by the method described in example 6 for the reduction of allyl 
2-methyl-6-nitrobenzoate, except that the solvent was thanol, to give allyl 2-amino-4-trifluoromethylbenzoate. 

NMR (CDCI 3 ): 5 4.80 (dt, 2H); 5.27-5.45 (m, 2H); 5.60 (br, 2H); 5.95-6.1 1 (m, 1H); 6.84 (dd, 1H); 6.90 (br 
s, 1H); 8.00 (d, W). 
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Ms (a): 245 (MH)* 

The above amine was condensed with (2S,4S)^acetylthk>-1-allyloxycarbonyl^ using 
the method described in xample 1 , except using the above amine in place of ally! 3-ally1oxy-4-aminobenzoate 
to give (2S,4S)-1-allyloxycarbonyl-2^2-allyloxycarbonyt-5-tiifluorom thyiphenyicarbamoyl)pyrroiidin-4-yith- 
ioacetate. 

NMR (CDCI3): 6 2.27, 2.29 (s overlapping m f 4H); 2.80 (br, 1H); 3.53 (dd, 1H); 4.05 (quintet, 1H); 4.21 (dd, 
1H); 4.53 (brt 1H); 4.62 (br, 2H); 4.85 (d, 2H); 5.21 (br, 2H); 5.31-5.47 (m, 2H); 5.89 (br, 1H); 5.95-6.11 (m, 
1H); 7.36 (d, 1H); 8.19 (d, 1H); 9.10 (d ( 1H); 11.67 (s, 1H). 

Ms (+ve FAB): 501 (MH)*; 523 (M + Na)*. 

The above thioacetate was deacetytated to the corresponding thiol, which was condensed without further 
purification with allyl (1R.5R.6S, 8R)-6-(1-hydroxyethylM-nwthyl-^^ 

carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyl (1 R.5S.6S.8R, 2'S,4'S)-2-(1-ally1oxycarbonyl-2-(2-allyiox^ 
pyirolidin^ylthio)-6-(1-hydroxyethyl)-1-nTO 

NMR (CDa 3 ): 6 1.23 (d, 3H); 1.36 (d, 3H); 2.30 (quintet. 1H); 2.79 (br, 1H); 3.24 (dd, 1H); 3.29 (t 1H); 
3.60 (dd, 1H); 3.79 (m, 1H); 4.18-4.31 (overlapping m, 3H); 4.60 (m, 6H); 4.82 (t, 1H); 5.08-5.48 (m, 6H); 5.76- 
6.10 (m, 3H); 7.36 (d, 1H); 8.18 (d 1H); 9.1.0 (d, 1H); 11.78 (s. 1H). 

Ms (+ve FAB): 708 (MH)*; 730 (M + Na) + . 

Example 17 

(1R,5S,6S,8R ( 2'S,4'S)-2-(2-(6-(^rboxy-2-hyd 
ydroxyethyl)-1-methy1cart>apenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyl 
protected compound using the method described in example 6. 

NMR 5 1.18 (d, 6H); 1.77 (m, 1H); 2.23 (s ( 3H); 2.67-2.85 (overlapping m, 2H); 3.22 (dd, 1H); 3.34-3.68 
(overlapping m, 3H); 3.98 (quintet, 1H); 4.15-4.22 (overlapping m, 2H); 7.07 (d, 1H); 7.41 (d f 1H). 

Ms (+ve FAB): 528 (MH)+, (Na salt)*; 550 (Na 2 salt)*. 

The starting material was prepared as follows: 

3-Hydroxy-4-methyl-2-nitro benzoic acid was allyl a ted using the method described in example 1, except 
using 3-hydroxy-4-methyl-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyl 3-allyloxy- 
4-methyl-2-nitrobenzoate. 

NMR (CDCI3): 5 2.40 (s, 3H); 4.46 (dt 2H); 4.78 (dt, 2H); 5.25-5.44 (m, 4H); 5.87-6.12 (m, 2H); 7.36 (d, 
1H); 7.72 (d, 1H). 
Ms (El): 277 M + . 

The above nitro compound was reduced by the method described in example 6 for the reduction of allyl 
2-methyl-6-nitrobenzoate, except that the solvent was ethanol, to give allyl 3-allyloxy-2-amino-4-methylben- 
zoate. 

NMR (CDCI3): 6 2.27 (s, 3H); 4.33 (dt, 2H); 4.77 (dt, 2H); 5.24-5.48 (m, 4H); 5.88-6.19 (m + br, 4H); 6.44 
(d, 1H); 7.58 (d, 1H). 
Ms (CI): 247 (MH) + . 

The above amine was condensed with (2S,4S)-4-acety1thio-1-aIlytoxyca!tx>ny^ using 
the method described in example 1, except using the above amine in place of allyl 3-allyloxy-4-aminobenzoate 
to give (2S,4S)-1-aIIyloxycartx>nyl-2-(2-alIyloxy^ 
ioacetate. 

NMR (CDCI3): 8 2.31 , 2.35, 2.49 (2 s overlappping m # 7H); 2.67 (br, 1 H); 3.39 (dd, 1 H); 3.97 (quintet, 1 H); 
4.21 (brt 1H); 4.35 (d f 2H); 4.55 (t 1H); 4.63 (d, 2H) 4.76 (dt. 2H); 5.18-5.42 (m, 6H); 5.88 (br, 1H); 5.9S-6.12 
(m, 2H); 7.07 (d, 1H); 7.56 (d. 1H); 9.11 (s, 1H). 

Ms (+ve FAB): 503 (MH)*; 525 (M + Na)*. 

The above thioacetate was deacetytated to the corresponding thiol, which was condensed without further 
purification with allyl (1R.5R.6S, 8R)h6-(1-hydroxyethyl)-1-methyl-2-diphe 

carboxylate, using the method described in example 1 for the preparation of protected carbapenems to give 
allyl (1R,5S,6S,8R, 2'S,4'S)-2-(1-allylGxycarbony1-2-(2^ 
py^ id in-4-ytthio)-6-(1 -hydroxys 

NMR (CDCU): 6 1.25 (d, 3H); 1.36 (d, 3H); 2.34 (s overlapping br m. 4H); 2.72 (br, 1H); 3.24 (dd, 1H); 3.32 
(quintet 1H); 3.46 (dd, 1H); 3.67 (quintet 1H); 4.11-4.29 (overlapping m, 3H); 4.32 (d, 2H); 4.53 (tiH)^O- 
4.78 (m, 6H); 5.17-5.45 (m, 8H); 5.85-6.10 (m, 4H); 7.07 (d, 1H); 7.58 (d. 1H); 9.13 (br s. 1H). 

Ms (+v FAB): 710 (MH)*; 732 (M + Na)*. 
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Example 18 

(1 R,5S,6S f 8R^S f 4'S)-2-(2-(5-airtx>xy-3-^^ -hydrox- 
yethyt)-1-methylcarbapenem-3-carboxy1ic acid, disodium salt was prepared from the corresponding allyt pro- 
5 tected compound using the method described in example 6. except the DMSO/THF solution was gently warmed 
to dissolve the catalyst 

NMR5 1.12 (d ( 3H); 1.15 (d, 3H); 1.74 (m, 1H); 2.65 (m, 2H); 3.18 (dd, 1H); 3.32-3.66 (overlapping m, 3H); 
3.95 (quintet, 1H); 4.02 (t, 1H); 4.13 (dd. 1H); 7.58 (d ( 1H); 8.60 (d. 1H). 
Ms (+ve FAB): 570/572 (MH)*. 
10 The starting materials were prepared as follows: 

3-Chloro-4-hydroxy-5-nitrobenzoic acid 

Sulphuric acid (83%, 20 ml) was cooled in an ice-bath, and 3-chloro-4-hydroxybenzoic acid (4 g t 22 mM) 
is stirred in. After 10 minutes, nitric acid (70%, 1.43 ml, 22 mM) was run in, and the mixture stirred at 0° for 2 
hours. After pouring onto ice, the solid was filtered, and recrystallised from aqueous ethanol to give title com- 
pound as yellow crystals (2.1 g, 44%). 

NMR (DMSO-de): 6 8.17 (d, 1H); 8.35 (d, 1H). 

Ms (-ve FAB): 217/219 (MH)-. 

20 

Allyl 4-allyloxy-3-chloro-5-nitrobenzoate 

3-Chloro-4-hydroxy-5-nitrobenzoic acid (2.5 g, 11.5 mM) was dissolved in DMF (30 ml) and anhydrous 
K 2 C0 3 (6.36 g, 41 .3 mM) added with stirring. Allyl bromide (2.92 ml, 33.7 mM) was run in, and the mixture stirred 

25 for 1 8 hours at ambient temperature. The solvent was removed by evaporation, the residue treated with water, 
the pH was adjusted to 5.5, and product was extracted into ethyl acetate. The combined extracts were washed 
with aqueous NaH 2 P0 4 , water, brine, and dried over MgS0 4 . The residue after evaporation was subjected to 
chromatography on silica, eluting with a mixture of petrol/EtOAc (10:1),.to give a mixture of allyl 3-chloro-4- 
hydroxy-5-nitrobenzoate, with only a little of the desired allyl 4-allyloxy-3-chloro-5-nitrobenzoate. This mixture 

30 (1 .95 g, -7.6 mM) was dissolved in acetone (1 5 ml), and anyhydrous K 2 C0 3 (1 .57 g, 1 1 .4 mM) and allyl bromid 
(1 ml, 11.6 mM) added. The mixture was refluxed for 2 days, cooled, poured into water, and extracted thre 
times with dichloromethane. The combined extracts were washed with a saturated aqueous solution of sodium 
bicarbonate, water and brine, before drying over MgS0 4 . Evaporation gave the title compound as an oil (1.88 
g, 80%). 

35 NMR (CDCI3): 6 4.74 (dt, 2H); 4.85 (dt, 2H); 5.31-5.48 (m, 4H); 5.93-6.20 (m, 2H); 8.30 (d, 1H); 8.36 (d, 

1H). 

Ms (CI) 297/299 M\ 
Allyl 4-allyloxy-5-amino-3-chlorobenzoate 

40 

Stannous chloride dihydrate (7.1 3 g, 31 .6 mM) was heated at reflux in ethanol (1 0 ml), under an argon blan- 
ket, to give a solution. The heat was removed, and the above nrtro compound (1.88 g, 6.3 mM) in ethanol was 
run in. Reflux was then continued for 3 hours, the mixture cooled, and solvents removed. The residue was dis- 
solved in ethyl acetate, and treated with 880 ammonia until basic. The organic phase was decanted from pre- 

45 cipitated tin salts, and the slurry re-extracted similarly with more solvent Combined organic phases were then 
washed with diluted ammonia, water and brine before drying over MgS0 4 . Evaporation gave allyl 4-allyioxy-5- 
amino-3-chlorobenzoate as an oil (1 .34 g, 80%). 

NMR (CDCI3): 5 4.02 (br, 2H); 4.55 (dt, 2H); 4.79 (dt, 2H); 5.25-5.47 (m, 4H); 5.92-6.23 (m, 2H); 7.33 (d, 
1H); 7.46 (d. 1H). 

so Ms (CI): 268/270 (MH)\ 

Preparation of Side Chain Pyrrol id in-4-ylthioacetate 

The above amine was condensed with (2S,4S)-4-acetylthk>-1 -allytoxycarbonyl-2-cart>oxypyrrolidin using 
... 55. the method described in exampl 1 , except using the above amin in place of allyl 3-allyioxy-4-amlnobenzoate 
to give (2S,4S)-1-aI!ytoxycarbonyl-2-(2-allyloxy-5-all^ 
ioacetate. 

NMR (CDCI3); $ 2.31 (s, 3H); 2.55 (br, 1H); 2.63 (br, 1H); 3.39 (dd, 1H); 4.02 (quintet. 1H); 4.15 (dd, 1H); 
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4.55 (m, part obscured, 1H); 4.59-4,65 (m, 4H); 4.81 (dt, 2H); 5.21-5.47 (m, 6H); 5.83-6.18 (m, 3H); 7.83 (d, 
1H); 8.97 (d, 1H); 9.10 (br, 1H). 

Ms (+ve FAB): 523/525 (MH)*; 545/547 (M + Na)*. 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with ally! (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphen 

carboxytate, using the method described in example 1 , for the preparation of protected carbapenems, to giv 
allyi (1R,5S,6S ( 8R,2'S,4'S)-2-(1-aHyloxycarbonyl-2-(2^^ 

pyrrol id in-4-ylthio)-6-(1-hydroxyeth^M-me^ 

NMR (CD da): 6 1.27 (d, 3H); 1.36 (d f 3H); 2.62 (br, 2H); 3.23 (dd overlapping m, 2H); 3.43 (dd ( 1H); 3.87 
(t, 1H); 4.07 (m, 1H); 4.20-4.29 (dd overlapping quintet, 2H); 4.51-4.72 (m, 7H); 4.80 (dt, 2H); 5.18-5.45 (m, 
8H); 5.82-6.10 (m, 4H); 7.83 (d, 1H); 8.99 (d, 1H); 9.10 (br, 1H). 

Ms (+ve FAB): 730/732 (MH)*; 752/754 (M + Na)*. 

Example 19 

(1R,5S,6S,8R,2'S,4'S>-2-(2^2-Cartx>xy-5^ethoxyphenyl(^amoyl)py^ 
1 -methylcarbape nenv3-carboxylic acid, disodium salt was prepared from the corresponding allyl protected 
compound using the method described in example 6. 

NMR 6 1.16 (d, 6H); 1.79 (m, 1H); 2.70 (m, 1H); 3.21 (dd, 1H); 3.43 (quintet, 1H); 3.50-3.68 (overlapping 
m, 3H); 3.81 (s, 3H); 3.95-4.08 (m, 2H); 4.19 (dd, 1H); 6.69 (dd, 1H); 7.96 (d, 1H); 8.29 (d, 1H). 

Ms (+ve FAB): 528 (MH)* (Na salt)*; 550 (MH)\ (Na 2 salt)* 

The starting materials were prepared as follows: 

4-Methoxy-2-nitrobenzoic acid was allyiated using the method described in example 1 except using 4-me- 
thoxy-2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid, to give allyl 4-methoxy-2-nitrobenzoate. 

NMR (DMSO-d«): 6 3.91 (s, 3H); 4.75 (dt, 2H); 5.24-5.42 (m, 2H); 5.87-6.07 (m. 1H); 7.32 (dd, 1H); 7.56 
(d, 1H) 7.90 (d, 1H). 

Ms (CI): 238 (MH)*; 255 (M + NH*)*. 

The above nitro compound was reduced by the method described in example 6 for the reduction of allyl 
2-methyl-6-nitrobenzoate to give allyl 2-amino-4-methoxybenzoate. 

NMR (DMSO-de): 5 3.72 (s, 3H); 4.70 (dt 2H); 5.21-5.39 (m, 2H); 5.91-6.10 (m, 1H); 6.14 (dd, 1H); 6.28 
(d. 1H);7.66(d, 1H). 

Ms (CI): 208 (MH)*. 

The above amine was condensed with (2S,4S)-4-acetylthio-1-aIlytoxycai1>onyl-2-carboxypyrroli using 
the method described in example 1 except using the above amine in place of allyl 3-ally1oxy-4-aminobenzoate, 
and purifying by chromatography using a gradient of dichloromethane/diethyl ether (100:0 to 80:20) to giv 
(2S,4S)-1-allyloxycart>ony1-2-(2-allyloxycart>onyl^ 

NMR 5 2.11 (m, 1H); 2.27 (s, 3H); 2.83 (quintet, 1H); 3.45 (br, 1H); 3.85 (s, 3H); 4.03 (t, 1H); 4.13 (dd, 1H); 
4.42-4.63 (br m, 3H); 4.79 (d, 2H); 4.95-5.44 (br + m, 4H); 5.70-6.13 (br + m, 2H); 6.75 (dd, 1H); 8.02 (d. 1H); 
8.27 (brs, 1H). 

Ms (+ve FAB): 463 (MH)*; 485 (M + Na)*. 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyl (1R,5R,6S,8R)-6-(1-hydroxyethylH-methyt-2^ 

carboxytate, using the method described in example 1 for the preparation of protected carbapenems to give 
allyl (1R,5S,6S,8R,2'S,4'S)-2-(1-aIlyfoxycait>ony1-2-(2-ailyl^^ 
din-4-ylth to)-6-( 1 -hyd roxyethyl)-1 -me^ 

NMR 8 1.17 (d, 6H); 2.08 (br m. 1H); 2.36 (br m, 1 H); 3.26 (dd, 1H); 3.39-3.57 (m, 2H); 3.85 (s, 3H); 3.96- 
4.06 (m. 2H); 4.13 (dd, 1H); 4.27 (dd, 1H); 4.38-4.81 (overlapping m. 7H); 4.95-5.42 (overlapping m, 6H); 5.68- 
6.09 (m, 3H); 6.76 (dd, 1H); 7.99 (d, 1H); 8.27 (brs, 1H). 

Ms (*ve FAB): 670 (MH)*; 692 (M + Na)*. 

Example 20 

(1 R,5S,6S.8R^S,4'S)-2-(2-(2-<^ 
1-m thylcarbapenem-3-carboxylic acid, disodium salt was prepared from th corresponding ally! protected 
compound using the method described in example 6. .„ . ... 

NMR 5 1.17 (d, 6H): 1.81 (m, 1H); 2.56-2.83 (overlapping m, 2H); 3.21 (dd, 1H); 3.41 (quintet, 1H); 3.56 
(dd, 1H); 3.70 (t, 1H); 3.98 (quintet, 1H); 4.10 (t, 1H); 4.17 (dd, 1H); 6.92 (dd, 1H); 7.43 (d, 1H); 8.37 (d, 1H). 

Th starting materials were prepared as follows: 
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5-Hydroxy-2-nitrobenzoic acid was allytated using the method described in example 1 xcept using 5-hy- 
droxy-2-nrtrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid, to give ally! 5-aIiyioxy-2-nitrobenzoate. 
NMR (DMSO-de): 6 4.78 (t, 4H); 5.27-5.48 (m, 4H); 5.91-6.13 (m ( 2H); 7.29 (m, 2H); 8.13 (d. 1H). 
Ms (CI): 264 (MH) + ; 281 (M + NH4)* 

The above nitro compound was reduced by the method described in example 6 for the reduction of ally! 
2-methyl-6-nitrobenzoate to give ailyl 5-allyloxy-2-aminobenzoate. 

NMR (DMSO-da): S 4.45 (dt, 2H); (4.76 (dt, 2H); 5.18-5.43 (m, 4H); 5.92-6.12 (m. 2H); 6.31 (br s, 2H); 6.77 
(d t 1H); 7.03 (dd, 1H); 7.24 (d, 1H). 

Ms (Q): 233 (MH) + . 

The above amine was condensed with (2S,4S)-4-acetyithkM-ally1oxyCTjt>on using 
the method described in example 1 except using the above amine in place of ailyl 3-aIlyioxy-4-aminqbenzpate t , 
and purifying by chromatography using a gradient of dichloromethane/diethyl ether (100:0 to 90:10) to giv 
(2S,4S)-1-ailyloxycart)onyi-2^4-allyioxy-2-allyioxycartK>nylph 

NMR (DMSO-de): 6 2.02 (m, 1H); 2.29 (s, 3H); 2.79 (quintet, 1H); 3.97-4.12 (overlapping m, 2H); 4.35-4.65 
(overlapping m, 5H); 4.81 (dt, 2H); 4.95-5.47 (m, 6H); 5.65-5.90 (br, 1H); 5.94-6.15 (m, 2H); 7.28 (dd, 1H); 7.48 
(d, 1 H); 8.26 (br, 1 H); 1 0.85 (br d, 1 H). 

Ms (+ve FAB): 489 (MH) + ; 51 1 (M + Na)\ 

The above thioacetate was deacetyiated to the corresponding thiol, which was condensed without further 
purification with ailyl (1R,5R,6S,8R)^(1-hydroxyethyi)-1-methyl-2^iphenylphosphoryioxy-carba 
carhoxyiate, using the method described in example 1 for the preparation of protected carbapenems to give 
ailyl (1R ( 5S,6S,8R,2'S,4'S)-2-(1-allylox^ 

4-ylth fo)-6-( 1 -hydroxyethyl)- 1 -methyl carbapenem-3-carboxylate. 

NMR 5 1.17 (2 x d, 6H); 2.07 (m, 1H); 2.84 (m, 1H); 3.24 (dd, 1H); 3.48 (overlapping m. 2H); 4.01 (over- 
lapping m, 2H); 4.13 (dd. 1H); 4.27 (dd, 1H); 4.42-4.82 (m, 9H); 4.98-5.46 (m, 8H); 5.70-5.85 (m, 1H); 5.95- 
6.12 (m, 3H); 7.26 (dd, 1H); 7.50 (d, 1H); 8.46 (br, 1H). 

Ms (+ve FAB): 696 (MH) + ; 718 (M + Na)* 

Example 21 

(1R,5S,6S f 8R t 2'S I 4'S)-2-(2-(2-Cart)oxy-4,5-dimethoxyphenylcarbamoyl)-pyn^ 
yethy1)-1-methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding ailyl pro- 
tected compound using the method described in example 6. 

NMR 6 1.15 (d, 3H); 1.18 (d, 3H); 1.78 (m, 1H); 2.69 (m, 1H); 3.19 (dd, 1H); 3.40 (quintet, 1H); 3.45-3.63 
(overlapping m, 3H); 3.76 (s, 3H); 3.81 (s, 3H); 3.97 (quintet overlapping m, 2H); 4.05 (dd, 1H); 7.50 (s, 1H); 
8.38 (s, 1H). 

Ms (-ve FAB): 534 (M-H)-. 

The starting materials were prepared as follows: 

4,5-Dimethoxy-2-nitrobenzoic acid was allylated using the method described in example 1 except using 
4,5-dimethoxy-2-nitrobenzoic acid in place of 3-hydroxy-4-nftrobenzoic acid, to give ailyl 4,5-dimethoxy-2-ni- 
trobenzoate. 

NMR (DMSO-de): 8 3.91 (s, 3H); 3.92 (s, 3H); 4.77 (dt, 2H); 5.25-5.43 (m, 2H); 5.88-6.07 (m. 1H); 7.31 (s, 
1H); 7.63 (s, 1H). 

Ms (CI): 268 (MH) + ; 285 (M + NH4)*. 

The above nitro compound was reduced by the method described in example 6 for the reduction of ally! 
2-methyl-6-nitrobenzoate to give ailyl 2-amino-4,5-dimethoxybenzoate. 

NMR (DMSO-de): 6 3.83 (s, 3H); 3.87 (s, 3H); 4.78 (dt, 2H); 5.24-5.43 (m, 2H); 5.50 (br, 1H); 5.95-6.14 (m, 
1H); 6.21 (s, 1H); 7.35 (s, 1H). 

Ms (CI): 238 (MH)+ 

The above amine was condensed with (2S,4S)-4-acetyimk>-1-alIyloxycarbonyl-2-cart>oxypyrTO using 
the method described in example 1 except using the above amine in place of ailyl 3-allyioxy-4-aminobenzoate, 
and purifying by chromatography using a gradient of hexane:ethyl acetate 2:1 to 2:3, to give (2S,4S)-1-allyl x- 
ycartx>ny1-2-(2^llytoxycarbo^ 

NMR 6 2.24 (m, 1H); 2.29 (s, 3H); 2.81 (br, 1H); 3.52 (dd, 1H); 3.89 (s, 3H); 3.97 (s, 3H); 4.06 (quintet, 
1H); 4.21 (m, 1H); 4.45-4.70 (br m f 3H); 4.80 (d, 2H); 5.05-5.46 (br ♦ m. 4H); 5.70-6.14 (br ♦ m, 2H); 7.50 (s, 
„ 1*0; 8.48 (s, 1 H); 1 1.69 (s f 1 H). . 

Ms (+ve FAB): 493 (MH)+; 515 (M + Na)+. 

The above thioacetate was deacetyiated to the corresponding thiol, which was condensed without further 
purification with ailyl (1R,5R,6S,8R)-6-(1-hydroxyethyO-1-rneft 
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carboxylate, using the method described in exam pi 1 for th preparation of protected carbapenems to give 

allyl (1R f 5S,6S,8f^2'$ v 4'S)-2^1-aJlyfoxy<2utw^ 

rolidin-4-yithio)-6-(1 -hydroxy ethyl)- 1 -methylcart)apenem-3-carboxy1at . 

NMR (CDd 3 ): 8 1.25 (d, 3H); 1.36 (d f 3H); 2.26 (m, 1H); 2.81 (br, 1H); 3.25 (dd, 1H); 3.32 (m, 1H); 3.57 
(dd. 1H); 3.75 (br, 1H); 3.89 (s, 3H); 3.97 (s, 3H); 4.23 (dd overlapping m. 3H); 4.54 (t 1H); 4.56-4.69 (m, 4H); 
4.78 (m, 2H); 5.17-5.45 (m overlapping br, 6H); 5.70-6.13 (m, 3H); 7.48 (s, 1H); 8.46 (s, 1H); 11.74 (s f 1H). 

Ms (+ve FAB): 700 (MH) + ; 722 (M + Na) + . 

Example 22 

(1R,5S,6S i 8R f 2'S ( 4'S)-2-{2-(2-Carboxy-4-fluorophenyicarbamoy!)pyiTO 
-methyl cartapenem-3-carboxylic acid, disodtum salt was prepared from the corresponding allyl protected com- 
pound using the method described in example 6, except that diethyl ether was required to precipitate the prod- 
uct 

NMR 5 1.17 (d, 3H); 1.19 (d. 3H); 1.84 (m, part obscured, 1H); 2.78 (m, 1H); 2.90 (dd, 1H); 3.21 (dd, 1H); 
3.42 (quintet, 1H); 3.58 (dd, 1H); 3.75 (quintet 1H); 4.00 (quintet 1H); 4.17 (m, 2H); 7.22 (sextet 1H); 7.71 
(dd, 1H);8.55(dd, 1H). 

Ms (+ve FAB): 516 (MH)+ (Na salt)*; 538 (Na 2 salt)*. 

The starting materials were prepared as follows: 

5-Fluoro-2-nitrobenzoic acid was ailyiated using the method described in example 1 , except using 5-fluoro- 
2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid and that the crude product was purified by chro- 
matography on silica, using a gradient of hexane/ethyi acetate (100:0 to 20:80), to give allyl 5-fluoro-2-nitro- 
benzoate. 

NMR (DMSO-d 6 ): 5 4.82 (dt 2H); 5.28-5.45 (m, 2H); 5.92-6.08 (m, 1H); 7.69 (m, 1H); 7.79 (dd, 1H); 8.23 
(dd, 1H). 

Ms (CI): 243 (M + NH 4 )*. 

The above nrtro compound was reduced by the method described in example 6, for the reduction at allyl 
2-methyl-6-nitrobenzoate f to give allyl 2-amino-5-fluorobenzoate. 

NMR (DMSO-d e ): 6 4.75 (dt 2H); 5.23-5.42 (m ( 2H); 5.95-6.11 (m, 1H); 6.81 (dd, 1H); 7.19 (m, 1H); 7.41 
(dd,1H). 

Ms (CI): 196 (MH)*. 

The above amine was condensed with (2S,4S)-4-acetylthio-1-allyioxycarbonyl-2-caii>oxypynx>lidine using 
the method described in example 1 , except using the above amine in place of allyl 3-allyioxy-4-aminobenzoate 
and purifying by chromatography using a gradient of dichloromethane/diethyl ether (100:0 to 90:10) to giv 
(2S t 4S)-1-aJlyloxycaitonyt-2-(2-a]lyloxycaj^ 

NMR (DMSO-d e ): 5 2.03 (m, 1H); 2.29 (s, 3H); 2.79 (m, 1H); 3.39 (br, 1H); 3.95-4.12 (overlapping m, 2H); 
4.47 (br, 1H); 4.58 (br, 2H); 4.81 (dt 2H); 5.00-5.25 (br m, 2H); 5.19-5.46 (m, 2H); 5.88 (br, 1H); 5.95-6.14 (m, 
1H); 7.54 (m, 1H); 7.71 (dd, 1H); 8.39 (br, 1H); 11.00 (br, 1H). 

Ms (+ve FAB): 451 (MH) + ; 473 (M + Na)\ 

The above thioacetate was deacetytated to the corresponding thiol, which was condensed without further 
purification with allyl (1R.5R.6S, 8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryioxycarbapenem-3- 
carboxyiate, using the method described in example 1 , for the preparation of protected carbapenems, to giv 
allyl (1 R,5S,6S,8R£'S, 4'S)-2-(1-allyioxycajtK)nyl-2-(2-allylox^ 
4-ylthio)-6-(1-hydroxyethyl)-1-methyicarbapenem-3-carboxylate. 

NMR 8 1.18 (d, 3H); 1.21 (d, 3H); 2.15 (dt 1H); 2.88 (m, 1H); 3.28 (dd, 1H); 3.42-3.58 (m, 2H); 3.95-4.16 
(overlapping m, 3H); 4.28 (dd, 1H); 4.40-4.85 (overlapping m, 7H); 5.00-5.45 (m, 6H); 5.70-5.86 (m f 1H); 5.95- 
6.11 (m, 2H); 7.47 (m, 1H); 7.75 (dd, 1H); 8.65 (br, 1H). 

Ms (+ve FAB): 658 (MH) + ; 680 (M + Na)*. 

Example 23 

(1 R, 5S,6S,8R^S,4'S>-2-<2-(2-CarbCKy^ 
1 ^methylcarbapenem-3-carboxylic acid, disodium salt from the corresponding allyl protected compound using 
the method described in example 6. 

NMRS 1.12 (d, 6H); 1.82 (m, part obscured, 1 H); 2.62-2.81 (overlapping m, 2H); 3.18 (dd, 1 H); 3.37 (quintet 
1H); 3.50 (dd, 1H); 3.64 (quintet 1H); 3.95 (quintet 1H); 4.08 (t 1H); 4.13 (dd, 1H); 6.85 (sextet 1H); 8.04 (t 
1H);8.36(t 1H). 

Ms (+ve FAB): 516 (MH) + , (Na salt)*; 538 (Na 2 sait)\ 
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The starting materials were prepared as follows: 

4-Fluoro-2-nitrobenzoic acid was aliyiated using the method described in exampl 1, except using 4-flu ro- 
2-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyl 4-fluoro-2-nitrobenzoate. NMR 
(DMSO-da): 5 4.78 (m t 2H); 5.26-5.44 (m, 2H); 5.87-6.09 (m, 1H); 7.72 (m, 1H); 7.98-8.12 (m, 2H). 

Ms (CI): 225 M*; 243 (M + NhU)*. 

The above nrtro compound was reduced by the method described in example 6, for the reduction of allyl 
2-methyt-6-nttrobenzoate t to give allyl 2-amino-4-fluorobenzoate. 

NMR (DMSO-de): S 4.74 (dt, 2H); 5.22-5.43 (m, 2H); 5.95-6.14 (m, 1H); 6.37 (sextet, 1H); 6.53 (dd, 1H); 
6.85 (br, 1H); 7.80 (dd, 1H). 

Ms (CI): 196 (MH)\ 

The above amine was condensed with (2S,4S)-4-acetylthio-1-allyIoxycarix>ny1-2-car^ using 
the method described in example 1, except using the above amine in place of 3-aIly1oxy-4-aminobenzoate and 
purifying by chromatography using a gradient of dichforomethane/ diethyl ether (1 00:0 to 90: 1 0) to give (2S.4S)- 
1-ailyloxycarbony1-2-(2-aliy!oxycarbony1-5-fluo 

NMR (DMSO-d«): 6 2.05 (m, 1H); 2.29 (s, 3H); 2.82 (m, 1H); 3.35 (br, part obscured, 1H); 3.96-4.15 (ov r- 
lapping m, 2H); 4.52 (br, 3H); 4.82 (dt 2H); 4.95-5.25 (br m. 2H); 5.27-5.46 (m f 2H); 5.85 (br, 1H); 5.95-6.16 
(m, 1H); 7.08 (sextet, 1H); 8.12 (dd. 1H); 8.36 (brd, 1H); 11.45 (br d, 1H). 

Ms (+ve FAB): 451 (MH)+; 473 (M + Na) + . 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
purification with allyl (1R,5R,6S, 8R)-6-(1-hydroxyethyl)-1-methyl-2-dipheny1phosphoryloxycarbapenem-3- 
carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to give 
allyl (1 R,5S,6S,8R, 2'S,4'S)-2-(1-a1ly1oxycart>onyl-2-(2-allytoxyc 
4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate. 

NMR 61.17 (d, 3H); 1 .1 8 (d, 3H); 2.1 1 (dt, 1 H); 2.87 (m, 1 H); 3.27 (dd, 1 H); 3.41-3.58 (m, 2H); 4.01 (quintet, 
2H); 4.13 (dd, 1H); 4.28 (dd, 1H); 4.35-4.85 (overlapping m, 7H); 4.95-5.45 (m, 6H); 5.60-5.83 (m, 1H); 5.94- 
6.11 (m, 2H); 7.02 (sextet 1H); 8.13 (dd, 1H); 8.45 (brd, 1H). 

Ms (+ve FAB): 658 (MH)*; 680 (M + Na)*. 

Example 24 

(1R,5S,6S,8R,2'S,4 , S)-2-(2-(4-C^rtx>xy-2-hydroxy-N-methytphenyl-cart>an^ 
droxyethyt)-1-methytcarbapenenv3-carboxylic acid, disodium salt, was prepared from the corresponding allyl 
protected compound using the method described in example 1 , except that the precipitated crude acid was con- 
verted to the sodium salt by solution in aqueous sodium bicarbonate and purified by chromatography on 
CHP20P resin. 

NMR (mixture of rotamers): 6 1.06 (d, 3H); 1.15 (d, 3H); 1.52-1.69 (m, 1H); 2.05 (m, 0.5H); 2.19 (m, 0.5H); 
3.04 (m, 1H); 3.15, 3.16 (2 x s, overlapping m, 5H); 3.38 (m, 1H); 3.67 (m, 1H); 3.84 (t, 0.5H); 3.97 (quintet, 
1H); 4.01 (t, 0.5H); 4.12 (dd, 1H); 7.37 (t, 1H); 7.48 (m, 1H); 7.62 (d, 1H). 

Ms (+ve FAB): 528 (MH)+, (Na salt)*; 550 (Na 2 salt)*. 

The starting material was prepared as follows: 

Allyl 3-allyloxy-4-aminobenzoate (7 g, 30 mM) was dissolved in triethytorthoformate (70 ml), treated with 
trifluoroacetic add (10 drops), and heated under reflux for 5 hours. Solvent was removed by evaporation, and 
the residual ofl was dissolved in ethand (70 ml), then treated with glacial acetic add (8.59 ml, 1 50 mM) followed 
by sodium cyanoborohydride (9.43 g, 150 mM) in several portions. The mixture was then left to stir at ambient 
temperature under a blanket of argon for 18 hours. Solvent was removed, and the residue treated with water 
(50 ml) and extracted into diethyl ether. The combined extracts were washed with water and brine before being 
dried over MgS0 4 . After removal of the solvent, the residue was purified by chromatography over silica, e luting 
with a gradient of dichloromethane/ethyt acetate (1 00:0 to 95:5), to give allyl 3-aIIy1oxy-4-methytaminobenzoate 
(3.08 g,41%). 

NMR (CDCI 3 ): 6 2.92 (s. 3H); 4.60 (dt, 2H); 4.77 (dt, 2H); 4.82 (br, 1H); 5.21-5.47 (m, 4H); 5.94-6.18 (m. 
2H); 6.53 (d, 1H); 7.42 (d, 1H); 7.68 (dd, 1H). 
Ms (CI): 247 (MH)\ 

The above amine was condensed with (2S,4S)-4-acetylthio-1-aUylOKycaft>onyl-2- using 
th method d scribed in exampl 1, except using the abov amine in place of allyl 3-allyoxy-4-amin benzoate, 
to give (2S,4S)-1-a]lyloxycart>ony1-2-(2-ailyioxy-4^ 
yi thioacetate. 

NMR (mixture of rotamers, CDCI3): 6 1.88 (br m, 1H); 2.21 (m, 1H); 2.29 (s, 3H); 3.20, 3.22 (2 x s, 3H); 
3.39 (t, 1H); 3.74 (br m, 1H); 3.99 (dd, 1H); 4.28 (t, 1H); 4.60 (m, 4H); 4.85 (d, 2H); 5.17-5.47 (m, 6H); 5.82- 
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6.15 (m, 3H); 7.59-7.77 (m, 3H). 
Ms (+ve FAB): 503 (MH) + . 

Theabov thioacetate was d acetyiated to the corresponding thiol, which was cond nsed without further 
purification with ally! (1R.5R.6S, 8R)-6-(1-hydroxyethy1)-1-methyl-2-dipheny1phosph ryloxycarbapenem-3- 
5 carboxylate, using the method described in example 1 for the preparation of protected carbapenems, to give 
aJIyi (1R ( 5S,6S,8F^2'S,4'S)-2-(1-a]ly1oxyca!^ 
py^idin^ylthio)-6-(1-hydroxyethyi)-1-n^uiyicarba 

NMR (mixture of rotamers, CDCI 3 ): 8 1.18 (m, 3H); 1.32 (d, 3H); 1.96 (m f 1H); 2.11 (m f 1H); 3.20, 3.22 (2 
x s, 3H); 3.27-3.49 <m f 3H); 3.93 (m, 1H); 4.16-4.30 (m, 4H); 4.57-4.86 (m, 8H); 5.19-5.49 (m, 8H); 5.84-6.14 
10 (m, 4H); 7.61 (d ( 1H); 7.67 (d, 1H); 7.74 (dd, 1H). 
Ms (*ve FAB): 710 (MH) + ; 732 (M + Na)+. 

Example 25 

15 (1R t 5S,6S,8R,2'S,4'S}-2-(2-(3-Cart>^^ 

yethyl)-1-methylcarbapenem-3-carboxylic acid, disodium salt was prepared from the corresponding allyt pro- 
tected compound using the method described in example 6. 

NMR 8 1.11 (d, 3H); 1.13 (d, 3H); 1.72 (m, part obscured, 1H); 2.50-2.72 (m, 2H); 3.18 (dd, 1H); 3.38 (m, 
1H); 3.50 (m, 1H); 3.60 (m, part obscured, 1H); 3.95 (quintet 1H);4.04 (t, 1H); 4.14 (dd, 1H); 7.37 (d, 1H); 8.20 
20 (d, 1H). 

Ms (+ve FAB): 570/572 (MH)+; 592/594 (M + Na)\ 
The starting materials were prepared as follows: 

5-Chloro-2-hydroxy-3-nitrobenzoic acid was all yi a ted using the method described in example 1 1 except us- 
ing 5-chloro-2-hydroxy-3-nforobenzoic acid in place of 3-hydroxy-4-nitrobenzoic acid to give allyi 2-ally1oxy-5- 
25 chloro-3-nitrobenzoate. 

NMR (CDCI3): 8 4.64 (dt, 2H); 4.85 (dt, 2H); 5.26-5.48 (m, 4H); 5.92-6.17 (m, 2H); 7.89 (d, 1H); 7.99 (d, 

1H). 

Ms (CI): 298/300 (MH)\ 

The above nitro compound was reduced by the method described in example 6 for the reduction of allyi 
30 2-methyl-6-nitrobenzoate p except that the solvent was ethanol to give allyi 2-allyloxy-3-amino-5-chloroben- 
zoate. 

NMR (CDCI3): 8 3.95 (br, 2H); 4.45 (dt, 2H); 4.80 (dt, 2H); 5.24-5.47 (m, 4H); 5.93-6.20 (m, 2H); 6.88 (d, 
1H); 7.17 (d, 1H). 

Ms (CI): 268/270 (MH) + . 

35 The above amine was condensed with (2S t 4S)-4-acetylthk>-1-allyloxycart>onyl^ using 

the method described in example 1, except using the above amine in place of allyi 3-ally1oxy-4-aminobenzoate 
and purifying by chromatography using a gradient of dichloromethane/diethyl ether (100:0 to 95:5) to giv 
(2S.4SH-aJlylaKycarbony^2^2-aJlyto 

NMR (CDCIa): 8 2.31 (s, 3H); 2.48 (br, 1H); 2.66 (br, 1H); 3.39 (dd, 1H); 4.04 (quintet, 1H); 4.13 (dd, 1H); 
40 4.49 (d, 2H); 4.56 (m, 1H); 4.63 (d, 2H); 4.82 (d, 2H); 5.21-5.49 (m, 6H); 5.82-6.18 (m, 3H); 7.58 (d, 1H); 8.68 
(d, 1H);9.07 (br, 1H). 

Ms (+ve FAB): 523/525 (MH) + ; 545/547 (M + Na) + 

The above thioacetate was deacetytated to the corresponding thiol, which was condensed without further 
purification with allyi (1R v 5R f 6S t 8R)-6-(1-hydroxyethyl)-1-methyl-2-dipheny)phosphoi7loxycaj1)apenem-3- 
45 carboxylate, using the method described in example 1, for the prepartion of protected carbapenems, to give 
allyi (1 R,5S,6S V 8R,2'S, 4'S)-2-(1-alIyloxycarbony1-2-(2-ailyto 
pytTOikJin^ytthio)-6-(1-hydroxyethy^ 

NMR (CDCIa): 8 1.15 (d, 3H); 1.37 (d, 3H); 2.48 (br, 1H); 2.69 (br, 1H); 3.26 (dd overlapping m, 2H); 3.41 
(dd, 1H); 3.80 (quintet, 1H); 4.10 (br, 1H); 4.24 (dd overlapping m, 2H); 4.45 (t 1H); 4.52-4.69 (m, 6H); 4.82 
so (dt, 2H); 5.18-5.46 (m t 8H); 5.82-6.10 (m, 4H); 7.57 (d, 1H); 8.68 (d, 1H); 8.95 (br, 1H). 
Ms (+ve FAB): 730/732 (MH) + ; 752/754 (M + Na)*. 

Example 26 

55 (1R v 5S,6S v 8R^S,4'S)-2-(2-(3-(^rboxy-2-hydroxy^ 

1 -methylcarbapenem-3-carboxylic acid, disodium salt was prepared from th corresponding allyi protected 
compound using the method described in example 1, except that crude add was converted to th sodium salt 
by solution in aqueous sodium bicarbonate, and purified by chromatography on CHP20P resin. 
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NMR S 1.20 (d, 6H); 1.99 (m, part obscured, 1 H); 2.94 (m, part b scared, 1H); 3.17 (dd, 1H); 3.27 (dd, 1H); 
3.42 (quintet, 1H); 3.77 (dd, 1H); 3.92 (quintet, 1H); 4.05 (quintet. 1H); 4.23 (dd, 1H); 4.52 (t 1H); 6.76 (t 1H); 
7.61 (dd f 1H); 8.11 (dd, 1H). 

Ms (+ve FAB): 514 (MH) + ; 536 (M + Na)\ 
5 The starting materials were prepared as follows: 

2-Hydroxy-3-nitrobenzoic acid was allylated using the method described in example 1, except using 2-hy- 
droxy-3-nitrobenzoic acid in place of 3-hydroxy-4-nitrobenozic acid to give allyi 2-al lyloxy-3- n itro benzoate. 

NMR (CDCI 3 ): 5 4.64 (dt 2H); 4.84 (dt 2H); 5.25-5.47 (m, 4H); 5.98-6.17 (m, 2H); 7.27 (t 1H); 7.90 (dd, 
1 H) 8.03 (dd, 1 H). Ms (CI): 264 (MH)*. 
10 The above nrtro compound was reduced by the method described in example 6, for the reduction of allyl 

2- methyl-6-nitrobenzoate, except that the solvent was ethyl acetate, and the crude product was purified by chro- 
matography over sOica, eluting with hexane:ethyl acetate 6:1 to give allyl 2-allyfoxy-3-aminobenzoate. 

NMR (CDCI 3 ): 5 3.84 (br, 2H); 4.47 (dt 2H); 4.80 (dt, 2H); 5.23-5.45 (m. 4H); 5.96-6.21 (m, 2H); 6.89 (dd, 
1H); 6.91 (t, 1H); 7.21 (dd, 1H). 
15 Ms (CI): 234 (MH)\ 

The above amine was condensed with (2S,4S)-4-acetytthkM -allyl oxycarto using 
the method described in example 1, except using the above amine in place of allyl 3-a!lyioxy-4-aminobenzoate t 
purifying by chromatography using a gradient of hexane:ethyl acetate (3:1 to 2:1) to give (2S,4S)-1-allyloxy- 
carbonyi-2-(2-ally!oxy-3-allytoxycart>o^ 
20 NMR (CDCI3): 8 2.30 (s, 3H); 2.44 (br, 1H); 2.68 (br. 1H); 3.40 (dd, 1H); 4.03 (quintet 1H); 4.16 (dd, 1H); 

4.48-4.66 (overlapping m, 5H); 4.82 (dt 2H); 5.19-5.48 (m. 6H); 5.81-6.20 (m. 3H); 7.17 (t 1H); 7.61 (dd, 1H); 
8.60 (dd, 1H); 8.93 (br, 1H). 

Ms (+ve FAB): 489 (MH) + ; 51 1 (M + Na)*. 

The above thioacetate was deacetylated to the corresponding thiol, which was condensed without further 
25 purification with allyl (1R,5R,6S, 8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxycarbapenem-3- 
carboxylate, using the method described in example 1, to give allyl (1R,5S,6S,8R,2'S,4'S)-2-(1-allyioxy 
nyl-2-(2-allyloxy^3-aIlylcxycart)criylphenylcarbarr» 

3- carbcxylate. 

NMR (CDCI 3 ): 8 1.24 (d. 3H); 1.35 (d, 3H); 2.44 (br, 1H); 2.72 (br, 1H); 3.24 (dd overlapping m, 2H); 3.42 
30 (dd, 1H); 3.78 (quintet 1H); 4.08-4.31 (overlapping m, 3H); 4.43-4.68 (overlapping m, 7H); 4.81 (dt 2H); 5.17- 
5.46 (m, 8H); 5.80-6.17 (m, 4H); 7.17 (t 1H); 7.61 (dd, 1H); 8.60 (dd, 1H); 8.84 (br, 1H). 
Ms (+ve FAB): 696 (MH) + ; 718 (M + Na)\ 

Example 27 

35 

(1R,5S,6S,8R,2'S,4 , S)-2-(2-(4-Cart>oxy-2-h^ 
methylcarbapenem-3-carboxylic acid, disodium salt 

A solution of allyl (1R,5S,6S,8R£'S,4'S)-2-(1-allyloxycarto 

40 bamoyl)pyrroiidin-4-ylthio)-6-(^ (20 parts) in DMF (128 

parts, dried over 4A sieves) was added to 2,2-dimethyt-1,3-dioxane-4,6-dione (33.2 parts) which was cooled 
in a water bath, and the solution purged with argon for 10 minutes. Tetrakis(triphenytphosphine)paliadium (3.3 
parts) dissolved in distilled THF (60 parts) was then added rapidly, giving a slight exotherm. The reaction was 
protected from light and stirred at ambient temperature for 1.5 hours, monitoring the reaction by hplc. Sodium 

45 2-ethylhexanoate (9.6 parts) in distilled JHF (45 parts) was added slowly to the stirred solution. The mixture 
was diluted by the further addition of THF (585 parts) followed by THF (620 parts). The crude solid disodium 
salt precipitate was filtered, washed and dried. 

Crude solid sodium salt was dissolved in methanol (1 100 parts, hplc grade) by stirring at ambient temperature 
for 30 minutes, distilled water (2 parts) was added, and the solution filtered. Product was reprecipitated by the 

so gradual addition of diethyl ether (1800 parts). After 30 minutes, the precipitate was filtered, and washed with 
with two portions of diethyl ether (140 parts each), and dried to give purified disodium salt (14 parts). 

The above sodium salt was divided Into four portions (each 3.5 parts). One portion was treated with sodium 
bicarbonate (1.7 parts) and rapidly dissolved in distilled water (100 parts) by sonication. The solution was fil- 
tered and the filter washed with distilled water (two portions of 25 parts). The combined filtrate and washings 

55 were applied immediat ly to a column of Diaion HP20SS resin (1 000 parts made up in distilled water). The col- 
umn was eluted with distilled water. The fractions containing pure product were combined, and fre ze-dried. 
Th second portion was dissolved in an impure intermediate fracti n and columned as above on the same col- 
umn. This was repeated for the third and fourth porti ns. The combined yield of freeze-dried product as the 
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disodium salt trihydrate was 7 parts. 

The NMR was consistent with the product of example 1. 
The starting materials were prepared as foil ws: 

5 Preparation of Allyl 3-allyloxy-4-aminobenzoate 

3-Hydroxy-4-nitrobenzoic acid (6.5 parts), anhydrous potassium carbonate (14 parts), and allyl bromide 
(1 0.8 parts) were mixed in DMF (70 parts), and heated briefly to 60°. The mixture was then stirred for 1 8 hours 
at ambient temperature, filtered through celite, and the filter bed washed with DMF (25 parts). The solvent was 

10 removed by evaporation, the residue drowned into aqueous sodium bicarbonate (100 parts), and extracted with 
two portions of ethyl acetate (each of 4.5 parts). The organic solution was washed with water, brine, and dried 
over MgS0 4 . After removal of the solvent, the oily residue was purified by chromatography on silica, eluting 
initially with dichloromethane:hexane 1:1, and then dichloromethane. Appropriate fractions were combined to 
give allyl 3-allyloxy-4-nitrobenzoate (8.8 parts, 94%). 

15 Stannous chloride dihydrate (22.6 parts) was treated with industrial methylated spirits (70 parts) and heated 

to 60° to dissolve. The above ester (6.5 parts) was dissolved in industrial methylated spirits (2.8 parts) and run 
in to the hot solution of tin salt at such a rate as to maintain a gentle reflux (30 minutes). Finally the mixture 
was heated at reflux for 3 hours. After cooling, solvent was evaporated, and the residue treated with ethyl acet- 
ate (125 parts), and stirred in an ice bath. Ammonia (density 0.880 g/ml, 15 parts) was run in, keeping the tem- 

20 perature below 20°, and finally stirring at ambient temperature for 1 hour before filtering. The filtered tin salts 
were washed with two portions of ethyl acetate (each 45 parts), and the organic solvent evaporated. The oily 
residue was purified by chromatography on silica, eluting initially with dichloromethaneihexane 3:1, then 1:1, 
and finally with dichloromethane. Appropriate fractions were combined to give allyl 3-aIlyloxy-4-aminobenzoate 
(4.2 parts, 73%). 

25 

Preparation of the Pyrrolidin-4-ylthiol Side Chain 

(2S,4S)-4-Acetylthio-1-allytoxycart>onyl-2-cai1>oxypyrTolidine (9.5 parts) and allyl 3-allyloxy-4-aminob n- 
zoate (8.1 parts) were dissolved in toluene (85 parts) and cooled in an ice-bath. 2-Ethoxy-1-ethoxycarbonyl- 
30 1,2-dihydroquinoline (9.4 parts) was added, and the mixture stirred at ambient temperature for 18 hours. After 
washing with aqueous 2M hydrochloric acid, brine, and drying over MgS0 4 , solvent was evaporated. Crude 
material was purified by flash chromatography on silica, eluting initially with dichloromethane, and then dichloro- 
methane:ethyl acetate 9:1 . Appropriate fractions were combined to give (2S,4S)-4-acetyithk)-1-allyloxy-carbo- 
nyl-2-(4-allyloxycarbonyl-2-ailyloxyphenylcarbamoyl)pyrroiidine (12.5 parts, 74%). 

35 

Preparation of Protected Carbapenem 

A solution of allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-^ 
carboxylate (15.8 parts) was dissolved in dry acetonitrfle (40 parts), degassed by bubbling argon through th 

40 solution, and cooled to -19°. N,N-diisopropyiethylamine (3.75 parts) was added, followed by a solution of 
(2S,4S)-1-aJlyioxycart>onyi-2^4-an^ (1 2.8 parts, 

prepared as in example 1) in acetonitrile (40 parts), keeping the temperature below -12°. Finally the mixture 
was stirred 18 hours at -19°, before solvent was removed. Crude product was purified by HPLC (15-20|i silica, 
two 30x1 0 cm cartridges) eluting with dichloromethane: ethyl acetate 1:1. Appropriate fractions were combined 

45 to give allyl (1R,5S,6S,8R 9 2'S,4'S)-2-(1-allyloxycart>onyl^ 

pyiTolkiln^yt-thio)-6-(1-hydroxyeth^ (12 parts, 59%). 

The NMR for each of the above intermediates was consistent with the NMR for the corresponding inter- 
mediates of example 1 . 

so Example 28 

(1R,5S,6S t 8R.2'S,4'S)-2-(2-(2-Cart>oxy-5-nitrophenylcafr 
thylcarbapen m-3-carboxylicacid, disodium salt 

55 T a solution of allyl (1 R f 5S.6S,8R,2'S.4'S)-2-(1-a]ly1oxycarto^^ 

pyrrol kJin-4-ylthi )-6-(1-hydroxyethyl-1-methylcarbapenem-3-cartxixylate (262 mg, 0.40 mM) in dichlorome- 
than (5 ml) was added tetrakis(triphenylphosphine)paIladium (24 mg, 0.020 mM) and N-methylanOine (176 
ui, 1.63 mM). The solution was stirred at ambi nt temp rature for 20 minutes. The reaction mixture was ex- 
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tracted with water (3x5 ml) and the combined aqueous phases treated with sodium bicarbonate (102 mg ( 1 J2 
mM). Chromatography of the aqueous phase on reversed phase silica (Nudeosil C18, 3.5 x 20 cm) using a 
gradient of acetonrtril (0-6%) in water gave th title product (34 mg, 1 5%) as a white amorphous powder after 
freeze-d rying. 

NMR (D 2 0): 6 1.25 (d, 3H); 1.35 (d, 3H); 2.05 (ddd t 1H); 2.85 (ddd, 1H); 3.07 (dd f 1H); 3.3-3.5 (m, 1H); 
3.47 (dd, 1H); 3.6 (dd, 1H); 3.8-3.95 (m, 1H); 4.25 (dd, 1H); 4.2-4.35 (m, 2H); 8.1 (s # 2H); 9.15 (s f 1H). 
The starting materia) was prepared as follows: 

Preparation of the side chain pyrrolidin-4-ylthioacetate: 

To a solution of (2S f 4S)-1 -allyloxycarbony1-2-cart)oxypyiTolkjin-4-ylm (1 .5 g, 5.5 mM) in dichloro- - 

methane (1 0 ml) was added SOCt 2 (4 ml, 0.055 M) under argon. After stirring at ambient temperature for 4 hours 
the solvent was evaporated. The residue was triturated in toluene (50 ml) and the mixture was evaporated and 
dried under vacuum. The product was dissolved in dichloromethane (10 mt) and the resulting solution added 
dropwise to a solution of 4-nitroanthranilic acid (1 g, 5.5 mM) and N-ethyldiisopropylamine (1.91 ml, 11 mM) 
in dichloromethane (25 ml) cooled to 0°C. The mixture was stirred at ambient temperature overnight After evap- 
oration to dryness the crude material was purified by chromatography on HP20SS resin using a gradient of 
acetonrtrile (0-50%) in H 2 0-AcOH 1% to give (2S,4SH-allyloxycart>onyK2-(2-caito^ 
moyi)pyrrolidin-4-ylthioacetate (1.4 g ( 58%) as a foam after freeze drying. 

NMR (DMSO-CF3COOD): 6 1.85-2.35 (m, 1H); 2.20 (s, 3H); 2.6-3.0 (m, 1H); 3.2-3.6 (m, 1H); 3.8-4.2 (m, 
2H); 4.3-4.7 (m, 3H); 4.8-5.5 (m, 2H); 5.5-6.2 (m, 1H); 7.87 (dd, 1H); 8.2 (d ( 1H); 9.4 (dd, 1H). 

Conversion to Pyrrol id in-4-yi thiol 

To a solution of the above thioacetate (0.47 g, 1 .07 mM) in ethanol (5 ml) was added a solution of methy- 
lamine in ethanol (1.02 M) (1.26 ml, 1.29 mM). After stirring at room temperature for 30 minutes the solvent 
was removed by evaporation and the residue partitioned between ethyl acetate and an aqueous solution of 
hydrochloric acid. The organic layer was washed with water, then brine and dried (MgS0 4 ), solvent evaporated 
and used without further purification. 

NMR (CDCI3): 5: 1.8 (d, 1H); 1.9-2.4 (m, 1H); 2.5-3.1 (m, 1H); 3.2-3.7 (m, 1H); 3.85-4.3 (m, 1H); 4.4-5.0 
(m, 4H); 5.0-5.5 (m, 2H): 5.5-6.15 (m ( 1H); 7.65-8.3 (m t 2H), 9.57 (dd, 1H). 

Preparation of Protected Carbapenem 

To a solution of allyi (1 R,5R,6S,8R)-6-(1-hydroxyemyl)-1-methyl-2-diphenylphosphoiyloxycarbapenem-3- 
carboxylate (534 mg, 1.07 mM) and N-ethyldiisopropylamine (558 uJ, 3.2 mM) in dry DMF (10 ml) was added 
the above (2S,4S)-1-allyloxycart>onyl-2-(2-carboxy-5-nitrophenylcart>am dissolved in 

DMF (3 ml), tri-n-butylphosphine (266 uJ, 1 .07 mM) and water (1 9 uJ, 1 .07 mM). The reaction mixture was stirred 
at ambient temperature for 2.5 hours and kept at 4° overnight 

The mature was purified by chromatography on HP20SS with a gradient of acetonitrOe (0-42%) in wat r, 
to give allyi (1R,5S,6S,8R,2'S,4'S)-2-(1-allytoxycait>ony 

yithio)-6-(1-hydroxyemyl)-1-methylcarbapenem-3-carboxylate as a foam (537 mg, 78%). 

NMR 8 1.14 (m. 6H); 1.75-2.35 (m f 1H); 2.6-4.8(m, 13H); 4.9-5.6 (m, 4H); 5.5-6.25 (m, 2H); 7.85 (dd, 1H); 
8.2 (d, 1H);9.37(d, 1H). 

Ms (+ve FAB): 645 (MH) + ; 667 (M + 1Ma)+. 

Example 29 

(1R,5S,6S,8R,2'S,4'S)-2-(2-Cai1>oxy-4-nitrophenylc^ 
thylcarbapenem-3-carboxytic acid, disodium salt 

To a solution of allyi (1R,5S,6S,8R,2'S,4'S)-2-(1-aIlyloxycart>onyl-2- 
pyrrdkJin^ylthio)-6-(1-hydroxyethyt)-1^ (540 mg, 0.84 mM) in dichl rome- 

thane was added a solution of sodium bicarbonat (176 mg, 2.1 mM) In water (5 ml). To this stirred mixture 
was added N-methylaniline (545 ui, 5 mM) and tetrakis(tripheny1phosphine)pailadium (141 mg, 0.12 mM). After 
stirring at ambient temperature for 45 minutes, th aqueous layer was concentrated undervacuum and adjusted 
to pH 8. Chromatography on HP20SS resin using a gradient of acetonitrile (0-6%) in water gave the titi product 
(1 82 mg? 38%) as a white foam after freeze drying. 
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NMR 6 1.15 (d, 3H); 1.17 (d, 3H); 1.75-1.85 (m, 1H); 2.6-2.75 (m, 2H); 3.19 (dd, 1H); 3.35-3.55 (m, 2H); 
3.55-3.67 (m, 1H); 3.9-4.07 (m, 2H); 4.16 (dd. 1H), 8.2 (dd, 1H); 8.75 (d, 1H); 8.81 (d, 1H). 
Ms (+ve FAB): 543 (MH)* (Na salt)*; 565 (Na 2 salt)*. 
The starting material was prepared as follows: 

(2S,4S)-1-AIIyloxycart>onyl-2-(2-<»rboxy-4-nito was pre- 

pared as described in example 28, except using 2-amino-5-n rtrobe nzoic acid in place of 4-nitroanthranilic acid 
(yield: 58%). 

NMR 6 1.85-Z4 (m f 1H); 2.27 (s, 3H), 2.65-3.1 (m # 1H); 3.25-3.65 (m ( 1H); 3.85-4.3 (m, 2H); 4.4-4.7 (m, 
3H); 5.0-5.4 (m. 2H); 5.65-6.15 (m. 1H); 8.38 (dd, 1H); 8.77 (2d, 2H). 

The resulting thioacetate was converted to the thiol and coupled with ally! (1R,5R,6S,8R)-6-(1-hydroxye- 
thyt)-1-methyl-2-diphenylphosphoryloxycarbapenem-3-cart>oxylate as described in example 28, to give aUyi 
(1R,5S i 6S,8R,2'S t 4'S)-2-(1-any1c«yc^onyl-2-(2-caitoxy-^ 
droxyethyl)-1-methylcarbapenenrv3-cart)oxylate (yield: 88%). 

NMR 6 1.15-1.25 (m, 6H); 1.9-2.1 (m, 1H); 2.75-2.95 (m, 1H); 3.0-3.2 (m, 1H); 3.23 (dd, 1H); 3.35-3.55 
(m, 2H); 3.9-4.1 (m. 2H); 4.12 (dd, 1H); 4.22 (dd, 1H); 4.4-4.7 (m, 4H); 5.14 (d, 2H); 5.33 (d, 2H); 5.7-6.0 (m, 
2H); 8.24 (dd, 1H); 8.7 (d, 1H); 8.8 (d f 1H). 

Ms (+ve FAB): 667 (MH)*; (Na salt)*. 

Example 30 

(1R,5S.6S,8R,2'S,4'S)-2-(2-(2-Cart)oxy-5-methox^ 
yethyl)-1-methyicart)apenem-3-carboxylic acid, dipotassium salt 

To a solution of allyi (1R,5S,6S,8R t 2'S,4'S)-2-(2-(2-carboxy-5-methoxycartw^ 
nitrobenzyioxycaibonyl)pyiTolidin-4-yltt^ (500 mg, 

0.665 mM) in a mixture of ethyl acetate (12 ml) and dichloromethane (12 ml) was added triphenytphosphine 
(87 mg, 0.33 mM), a 0.825M solution of potassium 2-ethylhexanoate in ethyl acetate (1.77 ml, 1.46 mM) and 
tetrakis(tripheny1phosphine)palladium (77 mg 0.065 mM). The mixture was stirred at ambient temperature for 
1 hour. After centrifugation the precipitate was treated with ethyl acetate and dried under vacuum. After disso- 
lution of the resulting solid in a mixture of water (10 ml) and ethyl acetate (10 ml), 10% palladium-carbon (350 
mg) was added. The mixture was hydrogenated at ambient temperature and atmospheric pressure for 2 hours. 
After filtration of the catalyst the compound was purified by reverse phase chromatography (Nucleosil C18, 
3.5 x 20 cm) using a gradient of acetonitrile (0*4%) in water to give the title compound as a foam after freeze 
drying (90 mg, 22%). 

NMR 6 1.15 (d, 6H); 1.75-1.9 (m, 1H). 2.65-2.8 (m, 1H); 2.82 (dd, 1H); 3.2 (dd, 1H); 3.35-3.45 (m, 1H); 
3.5-3.6 (m, 1H); 3.65-3.75 (m, 1H); 3.85 (s, 3H); 3.95 (m, 1H); 4.15 (m. 2H); 7.63 (dd, 1H); 8.08 (d, 1H); 9.15 
(d, 1H). 

The starting material was prepared as follows: 
Methyl 3-amfno-4-carboxybenzoate 

A solution of methyl 4-cartx>xy-3-nitrobenzoate (3 g, 1 3.3 mM) in ethanol (20 ml) was hydrogenated at at- 
mospheric pressure in the presence of 10% palladium-carbon (1 g) for 40 minutes. After filtration of the catalyst, 
the solid was recrystallised from ethanol to give methyl 3-amino-4-carboxybenzoate (1.7g, 65%). 

NMR 5 3.83 (s # 3H); 7.05 (dd, 1H); 7.45 (d, 1H); 7.8 (d, 1H). 

The above benzoate was reacted with (2S,4S)-1-(4-nitrobenzyloxycait>onyl)-2-carboxypynolidinethk>ac^ 
tate as described in example 28 for the corresponding allyl protected thioacetate, to give (2S,4S)-2-(2-carboxy- 
5-methoxycarbony1pheny1carbamoy1)-1-(4-nitrobenzv^ 

NMR 6 1.75-2.35 (m, 1H); 2.26 (s. 3H); 2.6-3.1 (m, 1H); 3.2-3.65 (m, 1H); 3.9 (s, 3H); 3.7-4.3 (m, 2H); 4.5 
(dd. 1H); 4.95-5.45 (m, 2H); 7.15 (s, 1H); 7.35-8.25 (m, 6H); 9.05 (brs, 1H). 

Preparation of protected carbapenem: 

Allyl (1R,5S t 6S t 8R,2'S,4'S)-2-(2-(2-carboxy-5-mefo^ 
cart>onyl)pyn , olidin-4-ylthio)-6-(1 -hydroxyethyl)-1 -methyl carbapenem- 5-cart>oxylate was prepared from the 
abov pyrrol idin-4-yI thioacetate by the method d scribed in example 28 (yield: 82%). 

NMR S 1.16 (d, 6H); 2.0-2.1 (m, 1H); 2.8-3.0 (m, 1H); 3.25 (dd, 1H); 3.4-3.6 (m, 2H); 3.9 (s, 3H); 3.9-4.1 
(m f 2H); 4.1-4.3 (m, 2H); 4.4-4.6 (m, 3H); 5.0-5.4 (m, 4H); 5.7-5.9 (m, 1H); 7.1-8.3 (m, 6H); 9.05-9.25 (m, 1H). 
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Example 31 

(1R,5S,6S.8R£'S,4'S)-2-(2-(2-Cart>oxy-4-metho 
methylcarbapenenv3-carfaoxy1icacid t dip tassium salt 

The title compound was prepared from the corresponding allyl protected compound by the method descri- 
bed in example 30 (yield: 34%). NMR 8 1.15 (m, 6H); 1.7-1.85 (m, 1H); 2.6-2.75 (m, 1H); 2.75 (dd, 1H); 3.19 
(dd, 1H); 3.3-3.4 (m 1H); 3.45-3.5 (m f 1H); 3.6-3.7 <m, 1H); 3.75 (s, 3H); 3.9-4.1 (m f 2H); 4.15 (dd, 1H); 7.03 
(dd, 1H); 7.51 (d, 1H); 8.44 (d, 1H). 

Ms (+ve FAB): 544 MH+ (K salt)*; 582 (K 2 salt)*. 

The starting material was prepared as follows: 

(2S,4S)-2-(2-Cart>Qxy-4-methoxypheny1c^ 
was prepared by the method described in example 30 except using 2-amino-4-methoxybenzoic acid in place 
of methyl 3-amino-4-carboxybenzoate. 

NMR 5 1.18-2.35 (m, 1H); 2.27 (s, 3H); 2.7-3.1 (m. 1H); 3.2-3.65 (m, 1H); 3.77 (s, 3H); 3.85-4.3 (m, 2H); 
4.25-4.65 (m, 1H); 4.85-5.5 (m, 2H); 7.15 (dd, 1H); 7.2-8.4 (m, 5H); 8.4 (d ( 1H). 

Preparation of protected carbapenem: 

Allyl (1R,5S,6S ( 8R ( 2'S t 4'S)-2-(2-(2-carboxy-4-methoxypheny^ 
pyrrolklin-4-ylthio)-6-(1-hydroxyethyi)^ was prepared from the above pyr- 

rolidin-4-ylthioacetate by the method described in example 28. 

NMR 6 1.1-1.2 (m, 6H); 1.95-2.1 (m, 1H); 2.8-2.95 (m, 1H); 3.25 (dd t 1H); 3.35-3.55 (m t 2H); 3.75 (s f 3H); 
3.9-4.0 (m, 2H); 4.1-4.3 (m, 2H); 4.3-4.6 (m, 3H); 5.0-5.4 (m, 4H); 5.7-5.9; (m, 1H); 7.1 (dd, 1H); 7.3-8.3 (m f 
5H); 8.45 (m, 1H). 

Ms (+ve FAB): 725 (MH) + . 

Example 32 

(1R.5S,6S,8R t 2'S t 4'S)-2-(2^4-Acetamido-2-cart>o^ 
1-methylcarbapenem-3-carboxylicacid, disodium salt 

To a solution of allyl (1 R,5S,6S,8R,2'S,4'S)-2-(2-(4-acetamido-2-cai^ 
ylthio)-6-(1-hydroxyethyl)-1-methy1carbapenem-3-carboxylate (250 mg, 036 mM) in dichloromethane (4 ml) 
was added a solution of sodium bicarbonate (90 mg, 1 mM) in water (4 ml), followed by N-methytaniline (230 
mg, 2.16 mM) and tetrakis(triphenylphosphine)pailadium (41 mg, 0.036 mM). After stirring at ambient temper- 
ature for 15 minutes, the aqueous layer was purified on reversed phase chromatography (NucleosD C18, 3.5 
x 20 cm) using a gradient of acetonitrile (4%) in water to give the title carbapenem as a foam after freeze drying 
(59 mg, 27%). 

NMR (DMSO de): 6 1.1-1.2 (2d, 6H); 1.65-1.8 (m f 1H); 2.0 (s, 3H); 2.6-2.7 (m, 2H); 3.15 (dd, 1H); 3.4 (m, 
1H); 3.5-3.7 (m, 2H); 3.9 (m, 1H); 4.0 (m. 1H); 4.15 (dd, 1H); 7.75 (dd, 1H); 8.15 (d. 1H); 8.45 (d, 1H). 
The starting material was prepared as follows: 

Allyl 5-amino-2-nitrobenzoate 

5-Amino-2-nitrobenzoic acid (4 g, 22 mM) was dissolved in DMF (40 mi) and anhydrous potassium car- 
bonate (3.64 g, 26.4 mM) added while stirring. Allyl bromide (3.86 g, 26.4 mM) was added and the mixture stirred 
at ambient temperature overnight The solvent was removed by evaporation and the residue taken up in acet- 
onitrile. The organic layer was washed with water, dried (MgS0 4 ) evporated and purified by silica chromatog- 
raphy with acetonitrile/petroleum ether (40/60) to give allyl 5-amino-2-n ftrobe nzoate as a yellow solid (3.46 g, 
71%). NMR (CDCi 3 ) 6 4.4 (s t 2H); 4.7-4.9 (m, 2H); 5.1-5.55 (m, 2H): 5.75-6.25 (m t 1H); 6.5-6.76 (m f 2H); 7.9 
(d, 1H); 

Allyl 5-acetamkjo-2-nttrobenzoate 

A solution of acetyl chlorid (3. 1 8 g, 40.5 mM) in dichloromethane (1 0 ml) under an argon atmosphere was 
added at 0° to a solution of allyl 5-amino-2-nttrobenzoate (3.0 g, 13.5 mM) in dichloromethane (30 ml). After 
addition of a solution of triethyl amine (1 .88 ml, 13.5 mM) in dichloromethane (10 ml) the mixture was stirred at 
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ambient temperature overnight Th solvent was evaporated and the residu purified by chromatography on 
silica. Elution with ethyl acetate/petroleum ether (50/50) gav ally! 5-acetamido-2-nftrobenzoate (3.36 g, 94%). 
NMR (CDCI3) 5: 2.3 (s t 3H); 4.75-5.0 (m, 2H); 5.2-5.6 (m, 2H); 5.8-6.3 (m, 2H); 7.5-8.2 (m, 3H). 

Ally! 2-amino-5-acetamidobenzoate: 

A suspension of aJIyi 5-acetamido-2-nitrobenzoate (3.2 g, 12.1 mM) and SnCI^HjO (13.7 g. 60.6 mM) in 
methanol was heated at 60°C for 30 minutes. The solvent was evaporated and the residue taken up in ethyl 
acetate. The organic solution was washed with diluted ammonia, brine, dried (MgS0 4 ) and evaporated. Chro- 
matography on silica using ethyl acetate/petroleum ether (60/40) gave 2-amino-5-acetamidobenzoate (2.36 g, 
83%). 

NMR (CDCI3): 8 2.1 (s, 3H); 4.7-4.9 (m, 2H); 5.1-5.55 (m, 2H); 5.55-5.75 (s, 2H); 5.75-6.3 (m, 1H); 6.6 (d, 
1H); 7.25 (s, 1H); 7.5 (dd, 1H); 7.85 (d, 1H). 

(2S.4S)-1-A]]ytoxycart>onYl-2-{5-a^ was pre- 

pared as described in example 28 except using ally! 2-am1no-5-acetamidobenzoate In place of 4-nitroanthranilic 
acid (yield: 70%). 

NMR (CDCI3): « 2.1 (s, 3H); 2.3 (s, 3H); 2.26 (m. 1H); 2.6-3.0 (m, 1H); 3.5 (m f 1H); 3.85-4.8 (m, 7H); 5.55 
(m, 4H); 5.75-6.5 (m, 2H); 7.5 (s. 1H); 7.7 (dd f 1H); 7.85 (s, 1H); 8.3 (d f 1H); 8.6 (d, 1H). 

Preparation of the protected carbapenem 

Allyl (1R # 5S,6S,8R,2'S,4'S)-2-(1-allyloxycart>onyl-2-(^ 
4-ylthio>-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate was prepared from the above pyrrolidin-4- 
ytthioacetate by the method described in example 28 (yield: 67%). 

NMR (CDCI3): 8 1.2 (d, 3H); 1.35 (d, 3H); 2.15 (s, 3H); 2.2 (m, 1H); 2.8 (m # 1H); 3.25 (dd, 1H); 3.3 (s, 1H); 
3.6 (dd, 1H); 3.8 (m, 1H); 4.1 (q, 1H); 4.25 (m, 2H); 4.4-4.85 (m, 8H); 5.0-5.55 (m, 6H); 5.7-6.1 (m, 3H); 7.4- 
7.8 (m, 3H); 8.3 (s, 1H); 8.6 (s, 1H). 

Example 33 

(1R,5R,6S,8R t 2'S,4'S)-2-(2-(2-carboxy-4-sd 
methylcarbapenem-3-carboxylic acid tri potass turn salt 

To a solution of 4-nitrobenzyl (1R,5S,6S f 8R,2'S,4'S)-2-(2-(2-carboxy-4-sulphocarbamoyl)-1-(4-nitro^ n- 
zy1oxycarbonyl)pyrrolidir*4-y1thio)-6^ (500 mg, 0.575 

mM) in water (20 ml) was added 10% palladium-carbon (350 mg) and potassium bicarbonate (173 mg, 1.73 
mM). Catalytic hydrogenation was performed at ambient temperature and atmospheric pressure for 1 .5 hours. 
After filtration of the catalyst, the compound was purified by reverse phase chromatography (Nudeosil C18, 
3.5 x 20 cm using water as eluant to give the title compound as a foam after freeze drying (150 mg, 40%). 

NMR 8 1.16 (m, 6H); 1.77 (m, 1H); 2.7 (m, 2H) 3.19 (dd, 1H); 3.4 (m, 1H); 3.5 (m, 1H); 3.65 (m, 1H); 3.97 
(m, 2H); 4.15 (dd, 1H); 7.69 (dd, 1H); 8.28 (d, 1H); 8.52 (d. 1H). 

The starting material was prepared as follows: 

2-Am i no-5-su I p ho benzoic acid: 

A solution of 2-aminobenzoic acid (2g, 1 5 mM) In oleum (30 ml) was heated at 80°, under argon atmosphere 
for 2 hours. The mixture was poured into diethyl ether (400 ml) and the resulting precipitate was filtered, washed 
with diethyl ether and dried under vacuum to give 2-amino-5-sulphobenzoic acid (1.8 g, 57%). 

NMR 8 6.8 (d, 1H); 7.55 (dd, 1H); 8.07 (d, 1H). 

(2S,4S)-2-(2-(^^xy-4-sulphophenylcarbamoyt)-1-(^ 
was prepared by reacting the above acid with (2S,4S)-1-(4-nitrobenzyloxycartonyl)-2-carboxypyrrolidinethi a- 
cetate, as described in example 28 for the allyl protected thioacetate (yield: 61%). 

NMR 8 2.1 (m, 1H); 2.27 (s, 3H); 2.85 (m, 1H); 3.45 (m, 1H); 4.05 (m, 1H); 4.15 (m, 1H); 4.5 (m, 1H); 5.25 
(m, 2H); 7.55 (m, 2H); 7.8 (d, 1H); 8.1 (m, 2H); 8.3 (s, 1H); 8.5 (d, 1H). 

The above thioacetate was converted to the corresponding thiol and coupled with 4-nitrobenzyl 
(1R.5R,6S,8R)-6-(1-hydroxyethylH-meth^ both steps 

as described in xample 28, the latter step as for the coupling with th allyl protected carbapenem, to give 4- 
nitrobenzyl (1R f 5S,6S,8R,2'S t 4'S)-2-(2-(2-carboxy-4-sulph carbarn y1)-1-(4-nitrobenzyloxycartK)nyl)pyTTOlh 
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din^y1tfiio)-6-(1-hydroxyethyl)-1-methylcarbap nem-3-carboxyiate (yield: 60%). 

NMR 5 1.07 (d, 6H); 2.1 (m, 1H); 2.9 (m, 1H); 3.29 (dd t 1H); 3.5 (m, 2H); 4.0 (m. 2H); 4.05-4.30 (m, 2H); 
4.5 (m, 1H); 5.05-5.45 (m, 4H); 7.4-8.6 (m. 11H). 

Example 34 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Cartx)xy-5-aminocai^ 
yethyl)*1-methylcarfaapenem-3-cartx)xylic acid. 

To a solution of 4-nitrobenzyl (1R,5S,6S,8R,2'S,4'S)-2-(2-(2-aJly1oxycart>onyl-5^ 
banrK>yl)-1-(4-nitroberizy!oxycart)onyl)pynolid 

(440 mg, 0.51 mM) and Meldrum's acid (220 mg, 1.53 mM) in DMF (1 ml), under an atmosphere of argon, was 
added tetrakis-(triphenylphosphine)palladium (60 mg, 0.052 mM). The mixture was stirred at ambient temper- 
ature for 30 minutes. The mixture was diluted with diethyl ether and a pale brown solid precipitated. The solid 
was washed three times with diethyl ether and filtered. To this solid (300 mg) dissolved in a mixture of THF (15 
ml) and water (10 ml) was added 10% palladium-carbon (150 mg) and the mixture hydrogenated for 3 hours. 
The catalyst was filtered, the filtrate was extracted with ethyl acetate (30 mi) and diethyl ether (30 ml), and the 
aqueous layer was freeze-dried to give the title product (1 07 mg). 

NMR 5 1.16 (s, 6H); 1.98-2.02 (m, 1H); 2.64-2.91 (m, 1H); 3.08 (dd. 1H); 3.26 (dd, 1H); 3.43 (quintet, 1H); 
3.71 (dd. 1H); 3.89 (t, 1H); 4.03 (t, 1H); 4.21 (dd, 1H); 4.40 (t, 1H); 8.04 (dd, 1H);.8.57 (d, 1H); 8.60 (d, 1H). 

The starting material was prepared as follows 

4-Aminocarbonyl-2-nitrobenzoic acid was ally la ted using the method described in example 1 , except using 
4-aminocarbonyl-2-nitrobenzoic acid in place of 3-hydroxy-4-n rtrobe nzoic acid to give ally! 4-aminocarbonyi- 
2-nitrobenzoate. 

NMR 6 4.81-4.90 (m, 2H); 5.29-5.49 (m, 2H); 5.90-6.17 (m, 1H); 8.18 (d, 1H); 8.36 (d, 1H); 8.38 (s, 1H). 

Allyl 4-aminocarbonyi-2-nrtrobenzoate was reduced to allyl 4-aminocarbonyl-2-aminobenzoate using stan- 
nous chloride as described in example 6. 

NMR 6 4.75-4.79 (m, 2H); 5.24-5.44 (m, 2H); 5.96-6.13 (m, 1H); 6.76 (d, 1H); 7.76 (dd, 1H); 8.34 (d, 1H). 

Preparation of the Pyrroiidin-4-yl thiol Side Chain. 

The above allyl 4-aminocarbonyl-2-aminobenzoate was condensed with 4-acetylthk>1-(4-nitrobenzylox- 
ycarbonyt)-2-carboxy pyrrolidine using the method described in example 1 , except that purification was by flash 
chromatography with ethyl acetate as eluant, giving (2S,4S)-1-(4-nitrobenzyloxycarbonyl)-2-(2-aIlyloxycarbo- 
nyl-5-aminocartx>nylphenylcart)amoy1)pyrrolidin-4-ylthioacetate. 

NMR 5 2.06 (quintet, 1 H); 2.85 (m, 1 H); 3.40 (dd, 1 H); 4.02 (quintet, 1 H); 4.1 5 (dd, 1 H); 4.53 (dd, 1 H); 4.77 
(m, 2H); 5.22 (dd, 2H); 5.25-5.42 (m, 2H); 5.95-6.10 (m, 1H); 7.30 (br f 2H); 7.54 (d, 2H); 8.02-8.10 (m, 3H); 
8.42-8.48 (m, 2H), 11.05 (br, 1H). 

Preparation of Protected Carta pen em 

A solution of 4-nitrobenzyl (1R f 5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoiyloxycarbape- 
nem-3-carboxylate (530 mg, 0.89 mM) and 1-(4-nitrobenzyloxycarbonyl)-2-(2-ailylo^ 
nylphenylcarbamoyi)pyrrolidin-4-y1thiol (450 mg, 0.85 mM) in acetonitrile (20 ml) was purged with argon and 
cooled in an ice bath, then N^ethyldiisopropylamine (0.45 ml, 0.47 mM) was added. The mixture was stirred at 
5° for 20 hours, the solvent removed and the yellow gum purified by flash chromatography on silica eluting with 
ethyl acetate, then 5% methanol in ethyi acetate, giving 4-nitrobenzyl (1R,5R,6S,8R,2'S,4'S)-2-(2-(2-ally1oxy- 
carbonyW-aminocarbonylphentf 

1-methylcarbapenem-3-carboxytate as a white solid (440 mg). 

NMR 5 1.17 (d, 6H); 2.02-2.12 (m, 1H); 2.81-2.96 (m, 1H); 3.40-3.60 (m. 2H); 3.95-4.31 (m f 4H); 4.46-4.80 
(br, 3H); 5.01-5.43 (m, 6H); 5.89-6.06 (m, 1H); 7.37- 8.58 (complex pattern of doublets and double doublets, 
11H). 

The thiol for the above reaction was generated from its thloacetate by the method described in exampl 

28. 
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Claims 

1. A carfoapenem compound of the formula (I) 




COOH 



wherein: 

R 1 is 1-hydroxyethyl, 1-fluoro ethyl or hydroxymethyl; 
R 2 is hydrogen or Chalky; 
R 3 is hydrogen or C^alkyt; 
R 4 is hydroxy or carboxy; 

and the phenyl ring is optionally further substituted by one or two substitutents selected from halo, cyano, 
C^alkyl, nitro, hydroxy, carboxy, C^alkoxy, trifluoromethyf, C^alkoxycarbonyl, carbamoyl, C^alkyl- 
carbamoyl, d i-C I kyl carbamoyl, amino, C^alkylamino, di-C^alkylamino, su! phonic acid, C^al- 
kylS(0) n - (wherein n is 0-2), N-C^alkanesulphonamido, C^aJkanoyiamino and C^aikanoyl^-C^al- 
kyl)amino: 

provided that the phenyl ring is substituted by at least one carboxy; or a pharmaceutically acceptable salt 
or in vivo hydrolysable ester thereof. 

2. A compound according to claim 1 wherein R 1 is 1-hydroxyethyl. 

3. A compound according to either claim 1 or claim 2 wherein R 2 is hydrogen or methyl. 

4. A compound according to any one of claims 1 to 3 wherein R 3 is hydrogen or methyl. 

5. A compound according to any one of claims 1 to 3 wherein R 3 is hydrogen. 

6. A compound according to any one claims 1 to 5, of the formula (IV): 




(IV) 



wherein R 3 and R 4 are as defined in claim 1 and wherein the phenyl ring is optionally substituted as defined 
in claim 1 ; or a pharamceuticaliy acceptable salt or in vivo hydrolysable ester thereof. 

7. A compound according to claim 6 wherein the phenyl ring is optionally further substituted by one or two 
substituents selected from methyl, ethyl, hydroxy, carboxy, cyano, chloro, bromo, nitro, methoxy and 
ethoxy. 

8. A compound according to claim 6 wherein th phenyl ring is optionally furth r substituted by on or two 
substitutents selected from methyl, hydroxy, chloro and carboxy. 

9. A compound according to claim 1 which is 



40 



EP 0 508 682 A1 



(1R,5S t 6S f 8R^S t 4'S)-2^2^4-<»rt)^ 
1-methylcarbapenenv3-carfooxylIc add; 

(1 R,5S t 6S,8R^S t 4'S)-2^2^5-cart»x^^ -hydraxyetfiyf)- 
1 -methyl carbapenem-3-cartoxylic acid; 
(1R f 5S,6S,8F^2'S t 4'S>-2^2^2 t 5^icaitx>xyphenyl(^amoyl)p^ 
thylcarbapenem-3-carboxyiic acid; 

(1R,5S ( 6S^K2'S f 4'S)-2^2^2,3^icartx)xyphenylcarbamoyl)pym)lidi^ 

thylcarbapenem-3-carboxylic acid; 

(1 R,5S,6S£R^S.4'S)-2^2^2^rt>oxyphen^ 

carbapenem-3-carboxylic acid; 

(1 R,5S,6S3R^S,4'S)-2^2^2^rtx>xy-3-me 

1-methyfcart>apenem-3-cart>oxylic acid; 

(1 R,5S t 6S,8R^S,4'S)-2^2K2K»rt>oxy^methylph -hydroxy ethyl)- 

1-methytcart>apenem-3-carboxytic acid; 
(1R,5S3S,8R^S,4'S)-2^2^2-<»rboxy^chloro^ 
1 -methylcarbapenem-3-carboxylic acid; 

(1 R,5S t 6S^R f 2'S,4'S)-2-<2-{2-cart»xy-6-hydroxyphenylcarta -hydroxyethyl)- 
1-methylcart>apenenv3-cart>oxyfic acid; 

(1R,5S,6S,8R f 2'S,4'S)-2^2^2^rt)oxy-6-chlorophenylcai1)amoyl)pyrTd 
1-methyicarbapenem-3-carboxylic acid; 
(1 R,5S ( 6S f 8R^S,4'S)-2K2^2-cartx)xy-5-cW 
1 -methyl carbapenem-3-carboxylic acid; 

(1 R t 5S,6S,8R t 2'S,4'S)-2-(2-{2-cartx)xy-6-me thyl phenylcart)amoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- 
1-methyicarbapenem-3-carboxy1ic acid; 
(1R,5S,6S,8R,2'S t 4'S)-2-(2-(2,4KJicaft»x^^ 
thylcarbapenem-3-carboxylic acid; 

(1R t 5S,6S^R t 2'S,4'S^2-(2-(2.6^icart)oxypheny1caitamoyl)py^ 
thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S3R ( 2'S,4'S)-2-(2-(2-<art>oxy-6-methoxyphenylcarbamoy0pyrToli^ 
1-methyicart)apenem-3-carboxy1ic acid; 
(1R f 5S ( 6S,8R,2'S,4'S)-2-(2-(2-<wboxy-5-trifluoiOT 
yethyl)-1-methy1carbapenem-3-carboxy1ic acid; 
(1R,5S,6S,8R,2'S,4'S)-2-(2-(2^rboxy-5-methylphe^ 
1-methylcarbapenerrv3-cart)oxy1ic acid; 

(1R l 5S t 6S ( 8R f 2'S,4'S>-2^2-(2-cart)oxy^fluofDphenyicarbamoyl)pyrrol^ 
methyl carb ape nem-3-carboxylic acid; 

(1R,5S t 6S,8R f 2'S,4'S)-2^2-(2-carboxy-5-fluorophenylcart)anr»y1)py^ 
methylcarbapenem-3-carboxylic acid; 
(1R f 5S,6S,8R,2'S t 4'S)-2^2^2-hydroxy-3-<^oro-6-cartx>xyp 
yethyi>-1-methylcart)apenerrv3-carboxyiic acid; 
(1R,5S l 6S,8R f 2'S,4'S>-2-(2^2-<2utx)xy-6-carbamoylphenyicait^ 
thy1>-1-methylcart)apenem-3-carboxylic acid; 

(1 R,5S,6S,8R,2'S,4'S)-2-(2-(2-cartK3xy-4^ -hydroxyethyl)- 
1 -methyl cart)apenenv3-carboxylic acid; 

(1R,5S f 6S,8R,2 / S,4'S)-2-{2-{2-<arboxy-4-methylsulphinylphenylc^ 
yethyl)-1 -methylcarfoapenem-3-carboxytic acid; 
(1R t 5S,6S t 8R t 2'S,4'S)-2^2^2K2ut>axy-4HrnethylsuIphon^ 
yethyl)-1-methylcart)apenerTv3-carboxyiic acid; 
(1R,5S,6S,8R£'S f 4'S)-2^2^2H»tx>xy^ftydroxyph 
1-methylcarbapenem-3-carboxylic acid; 
(1R,5S t 6S3R^'S l 4'S)-2-(2^2-<»rtX)xy^,5<lin^ttw 
thyi)-1-m6thylcarbapenem-3-cart>oxylic acid; 
(1R v 5S 9 6S ( 8R v 2'S t 4'S)-2K2-(2-cartx>xy-3-hydiQxypher^ 
1 -methylcarbapenem-3-carboxylic acid; 

(1R,5S t 6S,8R^S f 4'S)-2-<2-<2-<^rtx)xy-3^ethc^heny1cart)amo^ 
1 -methyl carbapenem-3*carboxyiic add; 

(1 R.SS.GS, 8R^S,4'S)-2^2^2-hydroxy-4-c^^ -hydrox- 
yethyl>-1-methylcart)apenem-3Tcarboxyiic add; 
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(1R,5S,6S£R£'S,4'S)-2^2-(2-carba 
m thylcarbapenem-3-carboxylic acid; 

(1R.5S f 6S f 8R^'S ( 4'S>-2^2^2-cartx)xy^5Hrnethoxyph nyicarbam yt)pyrrolidir>-4-ytthio)-6-{1 -hydroxyethyl)- 
1-methylcart)apenem-3-cart)oxylic acid; 

(1 R,5S t 6S t 8RJ2'S,4'S)-2^2^2Kart>cocy-4-methoxy phenytcarbamoyt]pym>lidin-4-yithio)-6-(1 -hydroxy ethyl)- 
1 -methyl carbapenern-3-carboxylic acid; 
(1R,5S,6S,8R^S p 4'S)-2^2^2Kaft)Oxy^nitrophenylcart^ 
methyflcarbapenem-3-cartoxytic acid; 

(1 R t 5S,6S,8R t 2'S t 4'S)-2^2^2-KX^xy^(NH™thylaTOtamido)phenylc^ - 
hydroxyethyi)-1 -methyicartapenem-3-carboxylic acid; 

(1R,5S,6S,8K2'S,4'S)-2^2-(2-cart>oxyesul^^ „ 

1-methy1carbapenenv3-carboxylic acid; 

(1 R,5S,6S t 8R^S,4'S)-2^2^3-cartra 

yethyl>-1 -methyl cart ape nem-3-carboxylic acid; 

(1R,5S,6S3R.2'S,4'S^2^2K3K2wt)oxy-2-hydraxyphenylc^ 

1 -methyl carbapenem-3-carboxylic acid; 

(1 R t 5S,6S,8R^'S,4 r S)-2-<2-(4-carboxy-2-hydraxyphe nyl -N -methyl carbamoyl ) pyrrol id in-4-yl thk))-6-(1 -hy- 
droxyethyl)-1 -methyl carbapenem-3-c«rboxylic acid; 

(1 R,5S,6S3R^S f 4'S)-2-(2-<2-carboxy-3-methoxycar^ -hydrox- 
yethyt)-1-methylcarbapenem-3-carboxyiic acid; 
(1R t 5S l 6S t 8R^S,4'S)-2^2-(2^rtx)xy-3-nitrophenylcarbamoyl)pyTO^ 
methyl carb ape nem-3-carboxylic acid; 

(1R f 5S l 6S,8R l 2'S ( 4'S)-2-{2-(2-carrx)xy-4-carbaiTX)yiphenylc^rt)amo 
thyl)-1-methylcarbapenem-3-carboxylic acid; 

(1R t 5S,6S t 8R,2'S,4'S)-2-(2-(2-cart)oxy-3-cart>amoylphenylcarbarrK>yl)D 
thyl)-1-methylcarbapenem-3-carboxy1ic acid; 
(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-cart>oxy^c 
1-m ethyl carbapenem-3-carboxylic acid; 

(1R,5S,6S l 8R f 2'S t 4'S)-2-(2-(2-carboxy-5-cyanophenylcart)amoyl)py^ 
1-m ethyl carbapenem-3-carboxyiic acid; 

(1R p 5S ( 6S3R t 2'S f 4 , S)-2-(2-(2-^^oxy-5-hydroxyphenylcaitamoyl)pyTO^ 

1 -methylcarbapenem-3-carboxylic acid; 

( 1 R, 5S.6S, 8R,2'S,4'S)-2-(2-(2-carbaxy^(N^ 

hydroxy ethyl )-1-methylc^rbapenem-3-carboxylic acid; and 

( 1 R,5S,6S,8R, 2'S,4'S)-2-(2-(2,5KiicartK]xy-4-aminoph 

1 -methylcarbapenem-3-carboxylic acid; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

A compound according to claim 1 which is 
(1R,5S p 6S ( 8R f 2'S t 4'S)-2-(2^4K»rt>oxy-2-hyd 
1 -methyl carbapenem-3-carboxylic acid; 
(1R,5S ( 6S,8R^'S,4'S)-2-(2^5-<»rboxy-2-rrydroxypr^ 
1 -methylcarbape nem-3-carboxyl ic acid; 

(1R,5S,6S t 8R,2'S,4'S)-2K2^2,5-dicarboxyphenylc»rbamoyi)pyr^ 
thylcarbapenem-3-carboxylic acid; . 

(1R,5S,6S i 8R f 2'S ( 4'S)-2-(2-<2 ? 3-dic^i1x)xy phenyl carbamoyl) pyrrolidine 
thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S,4'S)-2-<2-<2-cart)oxyphenyic^rbamoyl)pyrrol^ 
carbapenem-3-carboxylic acid; 

(1R t 5S l 6S,8R,2 , S,4 , S)-2^2^2-c»rboxy-3-methylphenylcart>amoyl)pyTO^ 
1 -methyl carbapenem-3-carboxylic acid; 

(1R f 5S,6S ( 8R^S t 4'S)-2-<2-<2-<^rtKDxy-4-methy1phenytcait)amoy^ 
1 -methyl carbapenem-3-carboxyiic actdr 

(1 R,5S,6S,8R^S,4'S)-2^2^6-carbox^ >-6-(1-hydroxyethyi)- 
1 -methyl c»rbapenem-3-carboxylic acid; 

(1 R,5S,6S,8R£'S,4'S)-2-(2-(5-cart>oxy-2-r^ -hydrox- 
yethyi)-1-methylcarbapen m-3-carboxylic acid; 
(1R t 5S t 6S,8R«2'S t 4'S)-2^2-(2 v 4^icaitx>xyphenylcarbamoyl) 
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thy!c»rbapenem-3-carboxylic acid; 

(1 R f 5S f 6S,8R^S f 4'S)-2^2^2 ( 6^icai^ 

thyicart)apenem-3-cart)oxylic acid; and 

(1 R,5S.6S,8R,2'S f 4'S)-2-{2-(2-carboxy-4-chlor phenylcarbamoyl)pynolklin^yithio>^1-hydroxyethyl)- 
1 -methyl carbapenem-3-carboxylic acid; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

11. A pharmaceutical composition which comprises a compound according to any one of claims 1 to 10 and 
a pharmaceutical ly acceptable carrier. 

12. A process for preparing a compound according to claim 1 which comprises deprotecting a compound of 
the formula (V): 




wherein R 2 is as defined in claim 1; R 10 is a group R 3 as defined in claim 1, or an amino protecting group; 
R« is a group R 1 as defined in claim 1, protected hydroxymethyl or 1 -{protected hydroxy)ethyl; R t1 is hy- 
drogen or a carboxy protecting group; R 12 is hydrogen or an amino protecting group, R 18 is carboxy, hy- 
droxy, a protected carboxy group or a protected hydroxy group and wherein any optional substituent n 
the phenyl ring is optionally protected; and wherein at least one protecting group is present; and therein- 
after if necessary; 

(i) forming a pharmaceutical I y acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

13. A compound of the formula (V) as defined in claim 12. 

14. A process for preparing a compound according to claim 1 or a compound of the formula (V) as defined in 
35 claim 1 2 which comprises: 

a) reacting compounds of the formulae (VI) and (VII): 




i / — \ 



h> ol L> m > " A^V (VII) 
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wherein R 2 , R 10 , R 11 , R 12 R 13 and R 18 are as defined in claim 12 and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 



55 



43 



EP 0 508 682 A1 




(VIII) 



wherein R 2 , R 10 , R 11 , R 12 , R 13 and R 1B are as defined in claim 12 and R 14 , R 16 and R 1 « are independently 
selected from C^aikoxy, aryloxy, di-C^alkylamino and diarylamino or any two of R 1 -R 16 represent o- 
phenylenedioxy; and wherein any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt; 

(iii) esterifying to form an in vivo hydrolysable ester. 

15. A compound of the formula (l) t as defined in claim 1, in the form of a non pharmaceutical^ acceptable 
salt 

16. A compound of the formula (VII) or (VIII) as defined in claim 14. 

17. A compound of the formula (IX), (XII) or (XIV): 




(IX) 




(XII) 



(xiv) 
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wherein R 2 , R 10 , R 11 , R«, R 18 and R 18 are as defin d in claim 12 and R 17 is a protecting group. 
18. A compound of th formula (XI) 




(XI) 



wherein R 10 is as defined in claim 13, R 18 is carboxy or hydroxy protected by ally! and the phenyl ring is 
substituted by one or two substituents selected from halo, cyano, C^alkyl, nitro, hydroxy, carboxy, C^al- 
koxy, trifluoromethyl, C^alkoxycarbonyl, carbamoyl, C^alkylcarbamoyl, di-C^alkyicarbamoyt, amino, 
C^alkylamino, di-C^alkylamino, sulphonicacid, C^alkyiS^),,- (wherein n is 0-2), N-C^alkanesulpho- 
namido, C^alkanoylamino and C 1 ^ 4 alkanoyl(N-C 1 _ 4 aIkyl)amino: 

provided that the phenyl ring is substituted by at least one carboxy or protected carboxy; 
and provided that when R 18 is carboxy protected by allyl and R 10 is hydrogen, the phenyl ring is not mono- 
substituted by nitro or hydroxy in the 6- position. 

19. A compound according to claim 18 with the proviso that when R 18 is carboxy protected by allyl the phenyl 
ring is not monosubstituted by nitro or hydroxy in the 6-position. 

Claims for the following Contracting States : ES ( GR 

1. A process for preparing a carbapenem compound of the formula (I) 




COQHr 



wherein: 

R 1 is 1-hydroxyethyt, 1-fiuoroethyl or hydroxymethyl; 
R 2 is hydrogen or Chalky! ; 
R 3 is hydrogen or C^alkyi; 
R 4 is hydroxy or carboxy; 

and the phenyl ring is optionally further substituted by one or two substitutents selected from halo, cyan , 
C^alkyi, nitro, hydroxy, carboxy, C^alkoxy, trifluoromethyl, C^alkoxycarbonyl, carbamoyl, C^alkyl- 
carbamoyl, di-C^aikyf carbamoyl, amino, C^alkylamino, di-C^aJkylamino, sulphonic acid, C^al- 
kylS(0) n - (wherein n is 0-2), N-C^alkanesulphonamido, C^alkanoylamino and C^alkanoyi^-C^al- 
kyi)amino; 

provided that the phenyl ring is substituted by at least one carboxy; 

or a phanmaceutically acceptable salt or in vivo hydrolysable ester thereof which comprises: 
deprotecting a compound of the formula (V): 
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wherein R 2 is as defined hereinbefore; R 10 is a group R 3 as defined hereinbefore, or an amino protecting 
group; R 13 is a group R 1 as defined hereinbefore, protected hydroxymethyl or 1 -(protected hydroxy)ethy1; 
R 11 is hydrogen or a carboxy protecting group; R 12 is hydrogen or an amino protecting group, R 18 is car- 
ts boxy, hydroxy, a protected carboxy group or a protected hydroxy group and wherein any optional sub- 
stituent on the phenyl ring is optionally protected; and wherein at least one protecting group is present; 
and thereinafter if necessary; 

(i) forming a phanmaceutically acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

20 

2. A process for preparing a carbapenem of the formula (I), as defined in claim 1 or a pharmaceutically ac- 
ceptable salt or in vivo hydrolysable ester thereof, 
a) reacting compounds of the formulae (VI) and (VII): 



30 




(VII) 



wherein R 2 , R 10 , R 11 , R 12 , R 13 and R 18 are as defined in claim 1 and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 
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(VIII) 



wherein R 2 , R 10 , R 11 , R 12 , R 13 and R 18 are as defined in claim 1 and R u , R 16 and R ie are independently 
5q selected from C^alkoxy, aryloxy, di-C^lkytamino and diarylamino or any two of R 14 «R W represent o- 

phenylenedioxy; and wherein any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutically acceptable salt; 

(Hi) esterifying to form an in vivo hydrolysable ester. 

55 

3. A process for preparing a compound according t either claim 1 or claim 2 wherein R 1 is 1-hydroxyethyl. 

4. A process for preparing a compound according to any one of claims 1 to 3 wherein R 2 is hydrogen or me- 
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5. A process for preparing a compound according t any one of claims 1 to 4 wherein R 3 is hydrogen or me- 
thyl. 

6. A process for preparing a compound according to any one of claims 1 to 5 wherein R 3 is hydrogen. 

7. A process for preparing a compound according to any one claims 1 to 6, of the formula (IV): 




wherein R 3 and R 4 are as defined in claim 1 and wherein the phenyl ring is optionally substituted as defined 
in claim 1 ; or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

8. A process for preparing a compound according to claim 7 wherein the phenyl ring is optionally further sub- 
stituted by one or two substituents selected from methyl, ethyl, hydroxy, carboxy, cyano, chloro, bromo, 

25 nitro, methoxy and ethoxy. 

9. A process for preparing a compound according to claim 7 wherein the phenyl ring is optionally further sub- 
stituted by one or two substitutents selected from methyl, hydroxy, chloro and carboxy. 

30 10. A process for preparing a compound according to either claim 1 or claim 2 which is 

(1 R,5S f 6S I 8R t 2'S,4'S)-2-(2-(4-carbox^ 

l-methylcarbapenem-3-carboxylic acid; 

(1 R,5S,6S,8R,2'S,4'S)-2-(2-(5-cart>o^ 

1-methylcarbapenem-3-carboxylic acid; 
35 (1 R, 5S,6S,8R t 2'S,4'S)-2-(2-(2,5^icarboxyphenylcaitamoyl)pyiTolidin -hydroxy ethyl)- 1 -me- 

thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2,3-dicaitGxyph 

thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S,4'S)-2^2-(2-carboxyph 
40 carbapenem-3-carboxylic acid; 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-cart»^ 

1-methylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R f 2'S ( 4'S)-2-<2-(2-<aLrto^ 

1-methyicarbapenenv3-carboxytic acid; 
45 (1R,5S,6S,8R f 2'S,4'S)-2-(2-(2-cartK>xy^c^^ 

1-methylcarbapenem-3-carboxylic acid; 

(1R ( 5S,6S.8R,2'S,4'S)-2-(2-{2-carboxy-6-hydroxyphenylcart)amo 
1-methy1carbapenem-3-carboxylic acid; 
(1 R,5S,6S,8R,2'S,4'S)-2-(2-(2-cart»^ 
so 1 -methyicarbapenenrv3-carboxyiic acid; 

(1 R,5S,6S # 8R^S,4'S)-2-{2-(2-carboxy-5-chlorophenylcarbamoyl)pyrro -hydroxyethyl)- 
1-methytcarbapenem-3-carboxy1ic acid; 

(1 R,5S t 6S,8R.2'S,4'S)-2-(2-(2-carb xy-6-methylphenylcart>amoy1)pyr^ 
1-m ethyl carbapen em- 3-carboxylic acid; 
55 (1R,5S,6S,8R,2'S,4'S>-2-(2-{2 t 4^icart)oxyphenylcarbamoyl) 
thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2 f 6-dic»rtKixyphenylcarbam yl ) pyrrol id in-4-ylthto)-S-(1-hy<lroxyethyl)-1-me- 
thylcarbapenem-3-carboxylic acid; 
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(1 R t 5S,6S,8R t 2'S,4'S)-2-(2-{2-cartx»cy-6-meth xyphenytcarbairoy1)pyrrorKiir>^ 
1-methylcarbapenem-3-cart)oxy1ic acid; 

(1 R, 5S,6S ( 8R,2'S,4'S)-2-{2-{2-cart)Qxy-5-trffluorom thylphenylcarbaiTK)yl)pyrrolldir>^ylthlo)-^1 -hydrox- 

yethyi)-1 -methyl carba pen env3-cart>oxy1ic acid; 

(1R f 5S,6S,8R£'S,4'S)-2^2^2<^oxy-5-me 

1 -methyicarbapenem-3-carboxyiic acid; 

(1R,5S,6S,8R,2'S,4'S)-2K2-(2-cartx)xy^^ 

methyicarbapenem-3-carboxylic acid; 

(1R f 5S f 6S^R v 2 , S,4 # S)-2^2K2-cart>oxy-&-fluorophenylcarbam 

methy)carfoapenem-3-carboxytic acid; 

(1 R,5S,6S ( 8R£'S,4'S)-2^2-(2-hydroxy-^ -hydrox- 
yethyl)-1-methylcafbapenerrv3-cart)oxyiic acid; 
(1R t 5S ( 6S ( 8R,2'S,4'S)-2-<2-(2-carboxy-5-c^^ 
thyl)-1 -methyl caroapenem-3-carboxyiic acid; 

(1 R,5S,6S£R,2'S,4'S)-2^2-(2-rart^^ -hydroxyethyi)- 
1-methytcarbapenenrv3-cart)oxylic acid; 

(1 R,5S,6S,8R,2'S,4'S)-2-(2-(2-caft>axy-4-4TW^ -hydrox- 
yethyi)-1-methy1cart)apenenrvS-carboxylic acid; 

(1 R f 5S,6S,8R,2'S,4'S}-2^2-(2-*xrt»xy-4^ethyl^ -hydrox- 
yethyl)-1-methyicarbapenem-3-cart)oxylic acid; 

(1 R i 5S,6S3R,ZS,4'S)-2^2-(2^rt»xy-4-hydroxy^ -hydroxyethyf)- 
1-methytcartapenem-3-carboxy1ic acid; 

(1R,5S ( 6S,8R t 2'S,4'S)-2^2-{2-<iarboxy^ l 5<limethoxyphenylcart 
thyl)-1-methylcarbapenem-3-cart>oxytic acid; 
(1R i 5S ( 6S,8R f 2'S t 4'S>-2K2-(2-<^rt)oxy-a-hydroxyphenyI<^rbamo 
1-methyicarbapenerrv3-carboxyiic acid; 

(1R f 5S,6S3R,2'S,4'S>-2-(2-(2^rtx)xy-3-methoxyphenylcarbanK>yl)py^ 
1-methyicarbapenem-3-carboxylic acid; 

(1R,5S,6S^R,2'S,4'S)-2-(2-(2-hydroxy-4-cart)oxy*chlorophenylcaA 
yethyi)-1-methyicart>apenem-3-carboxylic acid; 
(1R,5S,6S,8R,2'S>l'S)-2-(2-(2-ca!l>a^ 
methy!carbapenem-3-carboxylic acid; 

(1R,5S t 6S3R,2'S t 4'S)-2-(2-(2^rt>oxy-5-methQxyphenylcarbamoyi)pyr^ 
1-methylcaroapenem-3-carboxylic acid; 
(1R t 5S t 6S,8R,2'S ( 4'S)-2^2-(2K»rboxy^-methox^ 
1-methyicarbapenen>3-cartoxyiic acid; 

(1R,5S t 6S3R,2'S i 4'S)-2-(2^2-carboxy^nitiX)phenylcarbaiTK)yi)pyn^ 
methyicarbapenem-3-carboxyiic acid; 

(1R,5S,6S3R.2'S t 4'S)-2K2^2-cart)oxy-4^-methylacetamido)phen 
hydroxyethyl)-1-methyicarbapenem-3-cart)oxylic acid; 
(1R ( 5S,6S,8R,2'S f 4'S)-2-(2^2-cart>oxy^sulphophenylc^ 
1-methyicarbapenem-3-carboxy1ic acid; 

(1 R,5S t 6S,8R, 2'S,4'S>-2-(2^3-cart>ox^ -hydrox- 

yethyt)-1-methyicart)apenerTv3-cart)Oxyiic acid; 

(1R,5S l 6S f 8R f 2'S,4'S>-2-(2-(3-cart)Qxy-2-hydroxyphenylcarbam 

1-methytcarbapenerrv3-carboxytic acid; 

(1R,5S,6S,8R,2'S,4'S)-2^2-(4-<au*o^-2-hydrox^ 

droxyethyl)-1-methyicarbapenem-3-cart>oxylic acid; 

(1R t 5S,6S,8R t 2'S,4'S)-2-(2-(2Kartoxy-3^e 

yethyi>-1-methyicart)apenen>3-cart)Oxyiic acid; 

(1R,5S t 6S f 8R^S,4'S)-2-(2-(2-<»rtx>xy-^ 

methy1carbapenerrv3-carboxylic acid; 

(1 R,5S,6S,8R^S,4'S)-2^2K2^rboxy-4K»rtoaiT^ -hydroxys- 
thyi)-1-methy1caroapenem-3-cart>oxyiic acid; 

(1 R,5S t 6S v 8R f 2'S,4'S)-2-(2-(2-carfooxy-3-carfoam ylphenyl(»rfoarTK>y1)pyiTOlidin^y1thio>^1-hydroxye- 
thyi>-1-methyi<^rt)apenenv3-cart)oxy1ic acid; 
1R,5S,6S,8R^'S,4'S)-2-(2-<2-<^rboxy^-cyanopheny1ca 
methytcarbapenem-3-carb xytic acid; 
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(1 R, 5S,6S,8R,2'S,4'S)-2-(2-(2-carb xy-5-cyanoph ny<cart)amoy1) pyrrol id in^ytthto)^14iydroxyethyi>- 
1 -methy!carbapenem-3-cart)oxy1ic acid; 

(1F^5S,6S,8R t 2 # S f 4'S>-2^2-(2-<art)Oxy-5-hydroxyphenylcaro pyrrolidin-4-yltrilo>-6-(1-hydrDxye- 
thyf)-1-methy1carbapenem-3-carboxyiic acid; 
(1 R, 5S,6S,8R,2'S t 4'S)-2^2-(2-cai^ 
hydraxyethyl)-lHrnethytcaroapeneiTv3-carfooxyiic add; and 

(1 R,5S t 6S f 8R£'S,4'S)-2^2^2,5^Hcart>ox^^ -hydroxye- 
thyi)-1-methylcart)apenem-3-carboxyiic acid; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

11. A process for preparing a compound according to either claim 1 or claim 2 which is 
(1 K5S ( 6S,8r^2'S t 4'S)-2^2^4-cart^^ 
1-methylcarbapenem-3-carboxy1ic acid; 

(1 R f 5S,6S.8r^2'S f 4'S)-2-(2^5<£rt^ 
1-methyicarbapenem-S-carboxylic acid; 
(1R f 5S t 6S,8R f 2'S,4'S)-2^2K2 f 5Kiicato 
thylcarbapenem-3-cart)oxyiic acid; 

(1 R,5S,6S^R,2'S ( 4'S)-2^2^2,3^icarboxyphenyicart)amoyl)pyTO -hydroxyethyi)-1 -me- 

thylcarbapenem-3-carboxylic acid; 

(1R,5S ( 6S3R^S t 4'S)-2-(2K2-^»rtx)xyphenyicarbamoyl)pyrrolW 
carbapenem-3-carboxylic acid; 
(1R,5S,6S,8R f 2'S ( 4'S)-2^2^2-<»rt>oxy-3-m 
1-methy1carbapenem~3-carboxylic acid; 

(1R,5S,6S^R f 2'S f 4'S)-2^2-(2-carboxy^methylphenylcarbamoyi)pyrrolidin^ 
1-methylcarbapenem-3-carboxy1ic acid; 

(1R ( 5S,6S,8R,2'S,4'S)-2K2-(6-cartx^2-hydroxyphenyicarbamoy1)pv^ 
1-methylcarbapenem-3-carboxytic acid; 
(1R,5S ( 6S,8R,2 , S I 4'S)-2^2^5-<»rboxy-2-hydroxy-3-chlorophe 
yethyi)-1-methy1carbapenem-3-cart)oxyiic acid; 

(1R,5S ( 6S t 8R f 2'S,4'S)-2^2-(2,4^icart>oxyphenylcart)amoyl)pyrrolidin^v^^ 
thylcarbapenem-3-carboxylic acid; 

(1R,5S ( 6S^R f 2'S,4'S>-2-(2K2 t 6^icaitoxyphenyicarbamoyl)pyiTolidin^ 
thylcarbapenem-3-carboxylic acid; and 
(1R ( 5S ( 6S,8R,2'S,4'S)-2^2^2-«»boxy-4^ 
1-methytcarbapenem-3-carboxyfic acid; 

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

12. A process for preparing a pharmaceutical composition which comprises bringing into association a car- 
bapenem compound of the formula (I) and a pharmaceutically acceptable carrier. 

13. A compound of the formula (I) in the form of a non pharamceutically acceptable salt 

14. A compound of the formula (VII) or (VIII) as defined in claim 2. 

15. A compound of the formula (IX), (XII) or (XIV): 
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wherein R 2 , R 10 , R 11 , R 12 , R 13 and R 18 are as defined in claim 1 and R 17 is a protecting group. 
16. A compound of the formula (XI) 




(XI) 



wherein R 10 is as defined in claim 1 , R 18 is carboxy or hydroxy protected by ally! and the phenyl ring is 
substituted by one or two substttuents selected from halo, cyano, C^alkyl, nitro, hydroxy, carboxy, C^al- 
- koxy, trifluoromethyl, C^aikoxycarbonyt, carbamoyl, C^alkylcarbamoyl, di-C^alkylcarbamoyl, amino, 
C^alkylamino, di-C^alkylamino, sulphonic acid, C^alkylSfO),,- (wherein n is 0-2), N-C^alkanesulpho- 
namido, C^alkanoytamino and C 1 ^ i alkanoyl(N-C 1 ^4alkyl)amino: 

provided that the phenyl ring is substituted by at least-one carboxy or protected carboxy; 
and provided that when R 18 is carboxy protected by ally! and R 10 is hydrogen, the phenyl ring is not mono- 
substituted by nitro or hydroxy in the 6-position. 

17. A compound according to claim 16 with the proviso that when R 1S is carboxy protected by ally! the phenyl 
ring Is not monosubstituted by nitro or hydroxy in the 6-position. 
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